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Advanced Placement (AP) expansion efforts have increased access to rigorous, college-
preparatory curriculum and instruction for high school students, particularly for historically 
marginalized student populations. This broader AP recruitment pool includes students who have 
not previously experienced advanced academic courses and may have been denied sufficient 
preparation for the rigorous nature of AP courses and AP exams. Meanwhile, AP expansion has 
been associated with decreasing AP exam scores, and students who do not pass AP exams are 
not conferred the same academic and nonacademic benefits as their AP exam-passing peers. This 
mixed-methods, quasi-experimental study explored how to enhance AP teachers’ capacities to 
prepare all AP students for academic success, particularly those entering AP courses with diverse 
academic backgrounds. The study implemented a 13-week, 7.5 total hour intervention—the AP 
professional learning community (PLC) featuring retrieval practice strategies, which science of 
learning research has shown may enhance durable, flexible learning. The study collected and 
analyzed quantitative and qualitative data to examine processes and outcomes. Participants 
reported that the AP PLC provided meaningful new learning and collaborative opportunities to 
incorporate retrieval strategies into their instructional practices and that the intervention was 
engaging due to active learning. The outcome evaluation of the intervention resulted in five 
salient findings: (a) AP teachers’ knowledge of retrieval strategies increased for teachers in the 
treatment group compared to the control group, (b) AP teachers’ self-efficacy for using retrieval 
strategies increased for teachers in the treatment group compared to the control group, (c) AP 
teachers increased their frequency of using retrieval strategies over the duration of the 
intervention, (d) AP teachers’ perceptions of their students’ preparedness for AP courses 




in AP students’ unit test scores was greater, but not significantly, for students whose teachers 
participated in the AP PLC than for students whose teachers did not participate in the AP PLC. 
This study demonstrated that an inexpensive, short-term, situated professional learning 
intervention can leverage retrieval strategies to positively influence effective instructional 
practices and potentially enduring learning outcomes.  
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 Advanced Placement (AP) expansion efforts since the 1990s greatly increased 
participation in AP courses, which attempted to extend rigorous, college-preparatory curricula 
and instruction to many students (College Board, 2014; Judson & Hobson, 2015; Parker et al., 
2013; Rowland & Shircliffe, 2016). However, AP expansion has been associated with a 
broadening AP recruitment pool, including students previously denied experiences in advanced 
academic courses, leading to many students facing disadvantages when they pursue AP courses 
(Kolluri, 2018) and decreasing AP exam pass rates (Judson & Hobson, 2015). Students who 
merely participate in AP courses, but are unsuccessful on AP exams, are not conferred the same 
academic and non-academic benefits as their AP exam passing peers (Ackerman, Kanfer, & 
Calderwood, 2013; Evans, 2019; McKillip & Rawls, 2013; Morgan & Klaric, 2007). 
Factors Influencing AP Student Performance 
 Networked ecological systems theory (Neal & Neal, 2013) served as a framework for the 
initial investigation of factors related to the problem of practice. AP students were the focal 
individuals and various levels of factors were explored, which were conceived as existing among 
overlapping circles of systems and interactions surrounding AP students. The literature review 
revealed macrosystem level factors (i.e., benefits of the AP program, access to AP courses, and 
success in AP courses) that interacted with students’ preparation for AP coursework and 
influenced students’ potential for success in AP courses (Cisneros, Holloway-Libell, Gomez, 
Corley, & Powers, 2014; Judson & Hobson, 2015; McBride-Davis et al., 2015). Additionally, 
exosystem level factors (i.e., federal, state, and local policies intended to increase access to AP 
courses for traditionally underserved students) may have produced unintended, negative 





(i.e., school characteristics, AP teacher background, AP teacher practices) have influenced 
students’ preparedness for and success in AP courses (Flores & Gomez, 2011; Foust, Hertberg-
Davis, & Callahan, 2009; Gagnon & Mattingly, 2016; Judson, 2017a; Vela et al., 2018). Finally, 
factors within students’ microsystems (i.e., achievement motivation, self-efficacy, self-
determination, family, peers, students’ prior knowledge, and students’ motivation to enroll in AP 
courses) have influenced students’ preparedness for and success in AP courses (Bryan, Glynn, & 
Kittleson, 2011; Fenty & Allio, 2017; Shaunessy-Dedrick, Suldo, Roth, & Fefer, 2015; Smith, 
Hurwitz, & Avery, 2017; Walker & Pearsall, 2012).  
Context 
 The context under study was a large, diverse public school district in a Mid-Atlantic state. 
Experienced AP teachers and high school principals throughout the district participated in the 
needs assessment. AP teachers in a treatment school and a control school participated in the 
intervention study. The treatment and control schools were matched according to publicly 
available data that ranked academic performance outcomes. The treatment and control schools 
generally served middle class families that spanned suburban and rural communities. The racial 
composition of the treatment and control schools differed but were matched as closely as 
possible within the district and included mostly White students.  
Needs Assessment 
 The needs assessment examined changes in AP enrollment and AP exam scores in the 
district under study from 2014 to 2017. AP enrollment increased more than expected over the 
three-year period (X2 [1, N = 5,113] = 9.23, p = .0024) and despite a decrease in AP exam scores 
during the three years, the change was not significant (X2 [1, N = 4,097] = 0.73, p = 0.39). 





5) and principals (n = 2) in the district revealed salient perceptions: (a) current AP students are 
generally less prepared than AP students in the past, (b) all AP students, including those without 
advanced academic backgrounds, would be capable of success in AP courses if strategic learning 
supports were provided, (c) opportunities for collaboration among AP teachers is critical but 
insufficient, (d) AP teachers are differently prepared to effectively instruct AP courses, and (e) 
previous interventions to support AP students have not included supporting AP teachers and 
students by learning and engaging with effective learning and studying strategies.  
Theoretical Framework 
Learning develops from social interactions with others and is optimal in the learner’s 
zone of proximal development (Vygotsky, 1978). In the intervention, the AP professional 
learning community (PLC), teachers engaged in new learning of retrieval-based effective 
learning and studying strategies, and collaborated to develop lesson elements that infused 
retrieval-based strategies. Teachers were scaffolded though their zones of proximal development 
for their capacity to support AP students for academic success by leveraging coaching from the 
PLC leader and collaboration among colleagues. Raphael, Vasquez, Fortune, Gavelek, and Au 
(2014) informed the AP PLC design and implementation with a sociocultural learning 
framework for professional learning, which included shared ownership, dialogue, active learning, 
systemic, and situated in each teacher’s context.  
Synthesis of Science of Learning Research Literature 
Science of learning literature suggested that employing retrieval practice provides 
opportunities to: (a) enhance students’ learning and retention of knowledge (Bobby & 
Meiyappan, 2018; Karpicke & Blunt, 2011; Roediger, Agarwal, McDaniel, & McDermott, 2011; 





(Agarwal, Bain, & Chamberlain, 2012; Butler, 2010; McDaniel, Thomas, Agarwal, McDermott, 
& Roediger, 2013), (c) differentially positively influence students with relatively low working 
memory capacity (Agarwal, Finley, Rose, & Roediger, 2017), and (d) reduce students’ test 
anxiety (Agarwal, D’Antonio, Roediger, McDermott, & McDaniel, 2014). Frameworks for 
infusing retrieval practice strategies into instruction (Firth, Smith, Harvard, & Boxer, 2018; 
Morano, 2019; Roediger & Pyc, 2012) informed the structure of the AP PLC intervention.  
Intervention Study 
AP teachers require enhanced supports to better prepare all AP students for academic 
success. This study included process and outcome evaluations of the AP PLC intervention, 
which aimed to provide AP teachers with capacities to better support all AP students, particularly 
those entering the AP program with diverse academic backgrounds.  
Process Evaluation 
 The process evaluation of the AP PLC examined two indicators: (a) meaningfulness (i.e., 
participants’ perceptions of how applicable the strategies and instructional techniques learned in 
the AP PLC were for their AP class) to measure the implementation of the AP PLC and (b) 
engagement (i.e., the active engagement of participants during the AP PLC) to measure 
participant responsiveness to the AP PLC. Next, the research question (RQ), research design, 
results, discussion, and conclusions are summarized.  
 Research question. The process evaluation addressed the following research question. 
RQ1: How did AP teachers describe their experience in the AP PLC? 
 Research design. The process evaluation used a convergent-parallel mixed methods 
design in which the quantitative and qualitative data were collected concurrently and analyzed 





at three times during the intervention (i.e., weeks 4, 8, and 13), which allowed for iterative 
improvements to the implementation of AP PLC. The quantitative data were obtained from a 
Likert-scale survey that measured the meaningfulness and engagement indicators; these data 
were analyzed with descriptive statistics and repeated measures ANOVA to compare differences 
in participants’ perceptions of meaningfulness and engagement over time. The qualitative data 
were obtained from open-ended survey questions and document analysis of lesson plan elements 
participants developed during the AP PLC, which aimed to reveal how and why the quantitative 
findings were observed; these data were analyzed using thematic analysis (Braun & Clarke, 
2006).  
 Results and discussion. Likert-scale rating ranged from 1 to 6; a rating of 6 indicated the 
highest possible level of meaningfulness and engagement. Teachers who participated in the AP 
PLC perceived the intervention as meaningful at week 4 (x̄ = 5.39, SD = 0.41), week 8 (x̄ = 5.72, 
SD = 0.24), and week 13 (x̄ = 5.76, SD = 0.30). Similarly, teachers who participated in the AP 
PLC perceived the intervention as engaging at week 4 (x̄ = 5.46, SD = 0.56), week 8 (x̄ = 5.67, 
SD = 0.31), and week 13 (x̄ = 5.73, SD = 0.42). Repeated measure ANOVA compared the 
meaningfulness scores collected at the three timepoints during the AP PLC (F[2,40] = 6.73, p = 
.003) and the engagement scores collected at the three timepoints during the AP PLC (F[2,40] = 
1.62, p = .21). Qualitative analysis of open-ended survey questions suggested teachers found the 
modeling of the strategies and the research presented during the AP PLC as particularly 
meaningful. Document analysis of lesson plan elements that teachers developed during the AP 
PLC suggested participants effectively created and incorporated retrieval practice and 
complementary strategies into their AP courses. Finally, qualitative analysis of open-ended 





modeling of strategies, research presented, active learning, and enjoyment of the collaborative 
activities particularly engaging.  
 Conclusions. AP teacher participants quantitatively rated the AP PLC as meaningful and 
engaging. Teachers described the most meaningful and engaging components of the AP PLC 
were the modeling of the strategies, the research presented that supported using the strategies to 
enhance durable and flexible learning, and the collaboration with the professional learning leader 
and colleagues.  
Outcome Evaluation 
 The outcome evaluation of the AP PLC examined proximal and moderately distal 
outcomes of the intervention. These outcomes included measures of teachers’ knowledge of 
retrieval strategies, teachers’ self-efficacy for using retrieval strategies, teachers’ frequency of 
using retrieval strategies, teachers’ perceptions of students’ preparedness for AP coursework, and 
an AP student performance measure; these outcomes are included in the RQs below. Then, the 
research design, results, discussion, and conclusions are summarized.  
 Research questions. The outcome evaluation aimed to reveal how the AP PLC 
intervention, which featured retrieval practice and associated learning and studying strategies 
informed by science of learning research, influenced AP teacher and student outcomes in the 
context of the following research questions. RQ2: To what extent did AP teachers’ knowledge 
and self-efficacy of retrieval practice strategies increase in response to the AP PLC compared to 
a control group? RQ3: To what extent did AP teachers increase their use of retrieval practice 
strategies in their AP classes as a result of the AP PLC? RQ4: What were AP teachers’ 





compared to a control group? RQ5: What was the difference between AP students’ unit test 
scores before and after their teachers participated in the AP PLC compared to a control group? 
 Research design. This study employed a convergent parallel mixed-methods design, in 
which quantitative and qualitative data collection and analysis occur concurrently and 
independently prior to mixing the results (Creswell & Plano Clark, 2011). Equal priority was 
given to both the quantitative and qualitative strands of this study. This study employed a quasi-
experimental design, which included a pre-test, a post-test, and a control group, and specifically 
used a nonequivalent comparison group design (Shadish, Cook, & Campbell, 2002). Sampling 
was purposive for AP teachers in the treatment group (n = 22) who volunteered to participate in 
the AP PLC—which included weekly, 30-minute new learning and collaborative sessions for 13 
consecutive weeks—and AP teachers in the control group (n = 13) who volunteered to conduct 
business as usual.  
 Quantitative data analysis was conducted for all four RQs. For RQs 2 and 4, survey data 
were analyzed using t-tests to examine pre and post differences between the treatment and 
control groups. For RQ3, Pearson’s correlation examined the relationship between time, in 
weeks, and mean number of strategies used by participants throughout the intervention. For RQ5, 
t-tests examined the differences from pre-test to post-test of AP students’ aggregated mean unit 
exam scores between the treatment and control groups.  
 Qualitative data analysis was conducted for RQs 2 and 4. Interview data with participants 
in the treatment group (n = 5) were analyzed using thematic analysis (Braun & Clark, 2006). 
Deductive coding was conducted on a priori codes and inductive coding allowed new codes to 
emerge. The qualitative findings provided descriptive insight into how and why the changes in 





 Results and discussion. For RQ2, a t-test compared the mean difference in composite 
teachers’ knowledge from pre-test to post-test between the treatment and control groups, t(33) = 
-5.16, p < .001. This result indicated teachers in the treatment group demonstrated more gains in 
knowledge of effective learning and studying strategies than teachers in the control group. 
Qualitative analysis suggested these differential gains were due to the AP PLC prompting 
teachers to more intentionally and conscientiously incorporate retrieval and associated strategies 
into their AP classes.  
 Additionally for RQ2, a t-test compared the mean difference in composite teachers’ self-
efficacy from pre-test to post-test between the treatment and control groups, t(33) = -4.40, p < 
.001. This result indicated teachers in the treatment group demonstrated more gains in self-
efficacy for using effective learning and studying strategies than teachers in the control group. 
Qualitative analysis suggested these differential gains were due to the AP PLC supporting 
teachers to (a) make subtle changes to their practice to incorporate retrieval opportunities for 
students, (b) utilize a range of low-tech and high-tech classroom activities that promote retrieval, 
and (c) teach their students how to use retrieval strategies when studying on their own.  
 For RQ3, AP teachers used retrieval strategies more frequently over the duration of the 
AP PLC (e.g., week 2 [x̄ = 0.91, SD = 0.87] and week 13 [x̄ = 5.50, SD = 3.66]). There was a 
strong, positive correlation between time and mean strategy use (r = .865, n = 22, p < .001).  
 For RQ4, a t-test compared the mean difference in composite teacher perceptions of 
student preparedness from pre-test to post-test between the treatment and control groups, t(33) = 
-4.74, p < .001. This result indicated teachers in the treatment group increased their perceptions 
of student preparedness more than the control group. Qualitative analysis suggested these 





strategies and methods to help students become better learners, (b) teachers observed evidence of 
their students’ academic growth that teachers attributed to retrieval strategies, and (c) challenges 
of virtual learning may have mitigated some potential benefits of using retrieval strategies.  
 For RQ5, the post-AP PLC aggregated mean unit test scores for the treatment group were 
greater than both of the pre-AP PLC aggregated mean unit test scores. However, the difference 
in mean pre-AP PLC and post-AP PLC test scores between the control and treatment groups was 
not significant, t(33) = 0.995, p = .163, when testing the same content but the mode of instruction 
varied (i.e., virtual and in-person). Similarly, the difference in mean pre-AP PLC and post-AP 
PLC test scores between the control and treatment groups was not significant, t(33) = 1.36, p = 
.091, when the mode of instruction was constant (i.e., virtual) but the tested content varied.  
 Conclusions. Five salient interpretations of the findings emerged: (a) the AP PLC 
enhanced AP teachers’ knowledge of retrieval strategies, (b) the AP PLC enhanced AP teachers’ 
self-efficacy for using retrieval strategies, (c) AP teachers significantly increased their use of 
retrieval practice in their AP classes as a result of the AP PLC, (d) the AP PLC enhanced AP 
teachers’ perceptions of their students’ preparedness for success in AP courses, and (e) the 
increase in students’ unit test scores was greater, but not significantly, for students whose 
teachers participated in the AP PLC than for students whose teachers did not participate in the 
AP PLC. 
Limitations 
 Several factors may have limited the potential to observe more compelling findings in 
this study: (a) the AP PLC was conducted virtually, which may have limited optimal engagement 
and collaboration among participants, (b) the virtual mode of instruction may have limited 





student performance, capacity, and fidelity to using the strategies may have been limited by the 
virtual mode of instruction, (d) the sample size was not large (N = 35), and (e) the inability to 
obtain more distal outcomes (e.g., AP exam scores).  
 Although the AP PLC may be generalizable to various contexts, this study did not 
provide evidence to assume generalizability to: (a) an in-person AP PLC, (b) non-AP high school 
contexts, (c) grade level contexts other than 9-12, and (d) contexts with different demographics.  
Implications for Research 
 The knowledge and application of effective learning and studying strategies are often 
underutilized in teachers’ instructional practices (Karpicke, 2016; Roediger & Pyc, 2012). 
Roediger and Pyc (2012) suggested incorporating instructional practices that promote retrieval in 
students may be a practical and inexpensive way to enhance student learning. However, other 
researchers (e.g., Daniel, 2012) have recommended steps that first be taken before translating 
science of learning research to educational practice. These yet unrealized steps may be associated 
with the underutilization of retrieval strategies in teachers’ practices. This evaluation of the AP 
PLC served to address some of Daniel’s (2012) suggestions of steps required before translating 
science of learning research to practice; specifically, “careful experimentation in select 
classroom contexts” (p. 251) and “development and design of classroom/teacher-friendly 
methods…into everyday practice” (p. 251). Thus, the evaluation of the AP PLC has taken steps 
to help bridge the gap between research and instructional practice.  
Implications for Practice 
 Notably, the AP PLC was an inexpensive and relatively short-term professional learning 
experience that positively influenced various teacher and student outcomes. The AP PLC may 





contexts that have limited financial resources and limited time for professional learning. These 
positive outcomes may be achievable because they require only modest changes to teachers’ 
instructional behaviors, yet modest changes to instruction may translate into substantial growth 
in student learning. Such modest changes in teachers’ instructional behaviors may be transferable 
to all future classes taught. Additionally, this study shows how a local, contextualized, user-
focused, grassroots professional learning experience can lead to measurable positive outcomes 
and may inspire other experienced teachers to conduct design research. The benefits to students’ 
learning and studying capacities resulting from the AP PLC may extend to future courses taken 






Chapter 1: Understanding the Problem of Practice 
Advanced Placement (AP) courses provide high school students opportunities to engage 
in rigorous curricula and earn college credit during high school. However, some students who 
enroll in these courses do not earn high enough scores on end-of-course AP exams to be eligible 
for college credit. This study explores factors that contribute to students’ inadequate preparation 
for AP coursework and how that under-preparedness may influence success and potential 
benefits from AP course participation. Success in AP courses is commonly measured by course 
grade (Sadler & Tai, 2007) and AP exam score (Burney, 2010; Cisneros et al., 2014; Gagnon & 
Mattingly, 2016), while there are other benefits both academic (Fischer et al., 2018b; Hallett & 
Venegas, 2011; Parker et al., 2013; Rowland & Shircliffe, 2016) and nonacademic (Foust et al., 
2009; Shaunessy-Dedrick et al., 2015). Students who are underprepared for advanced academic 
coursework, even when they have access to AP courses, are not able to receive all the potential 
benefits of AP courses.  
 Historically, the purpose of the AP program during its inception in the 1950s was to 
identify America’s most academically elite high school students and provide them with college 
level classes to expedite their college education—accomplished by earning college credit for 
completing AP courses while in high school (Rothschild, 1999). Students who earn AP credit in 
high school gain future benefits of reduced time to college degree, increased opportunities to 
double major, and greater flexibility to enroll in more advanced college coursework (Evans, 
2019). Over the years, the purpose of the AP program has changed substantially; beginning in 
the 1990s the major intent of the AP program has been to provide a maximum number of 
students with rigorous, advanced-level coursework and improved learning outcomes (College 





drastic increases in AP course enrollment and AP exam taking since the 1990s (College Board, 
2018). For example, the number of students who took at least one AP exam increased from 
292,164 in 1987 to 2,808,990 in 2018; the number of total AP exams taken increased from 
424,844 in 1988 to 5,090,324 total exams in 2018 (College Board, 2018). This increase in AP 
course enrollment and AP exam taking has correlated with a decrease in AP exam performance 
overall (Judson & Hobson, 2015). Specifically, regression analysis indicated a downward trend 
in the percent of students earning a passing AP exam score (3 or higher) from 65.5% in 1992 to 
59.2% in 2012 (R2 = 0.84, p < 0.001; Judson & Hobson, 2015). A 2000 recommendation from 
then United States Secretary of Education, Richard Riley, and College Board president, Gaston 
Caperton, that all United States high schools offer at least ten AP courses may have stimulated 
efforts of rapid AP expansion (Lichten, 2010). Beginning in the early 2000s, many states, such as 
California (Flores & Gomez, 2011; Hallett & Venegas, 2011; Klugman, 2013) and Florida 
(McBride-Davis et al., 2015; Rowland & Shircliffe, 2016) began efforts to expand AP course 
offerings and AP enrollment in response to a national call for more students to engage in 
rigorous coursework (Flores & Gomez, 2011). These efforts toward expanding AP programs 
included state mandates to establish AP courses in high schools (Arce-Trigatti, 2018), to provide 
financial incentives (McBride-Davis et al., 2015), and in some districts to lower or eliminate 
prerequisite requirements for students to enroll in AP courses to increase AP access (Flores & 
Gomez, 2011; Hallett & Venegas, 2011; Rowland & Shircliffe, 2016). Although increasing 
access to AP courses, particularly for historically underserved students (i.e., minority students 
and students of low socioeconomic backgrounds), has been successful, the influx of students new 
to advanced academic coursework may have inadvertently created a wave of students under-





Therefore, increased AP access needs to be coupled with AP courses that provide improved 
opportunities for success for all students (Flores & Gomez, 2011; Hallett & Venegas, 2011; 
Judson & Hobson, 2015; Klugman, 2013; Rodriguez & McGuire, 2019; Rowland & Shircliffe, 
2016). This recommendation from the literature establishes the rationale for the problem of 
practice; students who enroll in AP courses without previous experience in advanced academic 
coursework are likely to need additional academic supports to succeed in AP courses and achieve 
passing scores on AP exams (Judson & Hobson, 2015; Kolluri, 2018). Table 1.1 defines the 







Table 1.1  
Definitions of Constructs and Variables 
Construct or Variable Definition Source 
AP access The opportunity for students to participate in 
at least one AP course at the school they 
attend 
 
Gagnon & Mattingly, 
2016 
AP enrollment The percent of high school students enrolled 
in at least one AP course  
 
The total number of students enrolled in at 
least one AP course 
 





AP participation A student characteristic of being enrolled in 
an AP course 
 
Judson, 2017b 
AP success AP course grades 
 
AP exam scores (1, 2, 3, 4, 5) 
     1 = lowest possible score 
     5 = highest possible score 
Sadler & Tai, 2007 
 
Cisneros et al., 2014; 
Gagnon & Mattingly, 
2016; Judson & Hobson, 
2015; Parker et al., 2013 
AP exam pass rate The percent of students who earn a 3, 4, or 5 
on the AP exam 
 
Cisneros et al., 2014; 
Judson & Hobson, 2015 
AP teacher 
background 
The training, qualifications, knowledge, and 




Teacher practices Any pedagogical and instructional methods 
and strategies used in teaching an AP class 
 
Fischer, Eisenkraft, 




The internal drive that begins, directs, and 
maintains goal-oriented behavior 
Bryan et al., 2011 
 
Student self-efficacy 
toward success in an 
AP course 
 
Students’ belief in themselves that they can 
achieve well and succeed in an AP course 
 
 





Students’ perceptions of the control they 
possess over their own learning 
 
 
Bryan et al., 2011 
Student prior 
knowledge 
The content-specific understanding a student 







Problem of Practice 
A primary goal of the AP program is to increase equitable access to AP coursework for 
all students (College Board, 2014; Judson & Hobson, 2015). Efforts to increase AP access and 
participation for historically underrepresented students since the 1990s have been successful 
(Judson & Hobson, 2015; Parker et al., 2013; Rowland & Shircliffe, 2016). However, 
simultaneously, AP enrollment has increased even more in affluent schools than schools serving 
other populations, thereby doing little to bridge equity gaps in access to AP courses (Klugman, 
2013). Overall, the growth of the AP program is evident; Table 1.2 shows the number of students 
who took at least one AP exam and the total number of AP exams taken in each academic year 
globally, as some students took more than one AP exam each year (College Board, 2018). 
Table 1.2  
Number of Students Taking AP Exams and Total Number of AP Exams Taken by Year 
Academic 
year 
Number of students who took 
at least one AP exam 
Total number of 
AP exams taken 
1957-1958        3,715       6,800 
1967-1968      46,917     60,674 
1977-1978      93,313    122,561 
1987-1988    292,164    424,844 
1997-1998    635,168 1,016,657 
2007-2008 1,580,821 2,736,445 
2017-2018 2,808,990 5,090,324 
Furthermore, efforts to increase AP enrollment have resulted in AP courses with diverse student 





students whose academic backgrounds have not included advanced pre-AP courses (Kolluri, 
2018).  
High school students who do not have the benefit of having previously taken advanced 
academic courses face disadvantages when they move up to rigorous AP courses, resulting in 
poorer student outcomes in AP courses (Kolluri, 2018). Student outcomes in AP courses, as 
measured by AP exam scores, have decreased globally for all students from 1992-2012 (Judson 
& Hobson, 2015). Furthermore, AP exam pass rates for White and Asian students have held 
constant, while pass rates for Black, Hispanic, and American Indian students have dropped; 
seemingly, the widening diversity of the recruitment pool for AP courses has corresponded with 
a reduced pass rate for traditionally underrepresented students (Cisneros et al., 2014; Judson & 
Hobson, 2015; McBride-Davis et al., 2015). Students who merely take AP courses but fail AP 
exams miss out on benefits conferred to AP exam passers, such as higher future SAT scores 
(McKillip & Rawls, 2013), reduced time to college degree, lower tuition due to less time 
enrolled in college, higher rates of double majoring and taking more advanced courses (Evans, 
2019), higher college grades (Ackerman et al., 2013; Morgan & Klaric, 2007), and improved 
college graduation rate (Ackerman et al., 2013; Smith et al., 2017). Therefore, there is a need to 
better understand whether students new to advanced academic courses underperform in AP 
courses due to differences in pre-AP coursework and to explore the factors related to 
performance of students new to advanced academic courses. In addition to AP students new to 
advanced coursework, all AP students may benefit from research leading to an improved 






 This study employs the networked ecological systems theory (EST) presented by Neal 
and Neal (2013) to investigate factors related to preparedness and success in Advanced 
Placement courses. Neal and Neal (2013) offer an alternate perspective to Bronfenbrenner’s 
(1994, 2006) EST which conceptualizes smaller level ecological systems nested within larger 
level systems. Bronfenbrenner’s (1994, 2006) EST can be visualized as systems represented by 
concentric circles nested within one another, whereas Neal and Neal’s (2013) EST model shown 
in Figure 1.1 can be visualized as systems represented by circles in overlapping arrangements 
showing the relationships and mesosystemic interconnectedness between the systems, but not 
necessarily all nested hierarchically.  
 
Figure 1.1. Neal and Neal’s (2013) nested model of ecological systems, focused on person A (p. 
729, Neal & Neal, 2013). 
 Networked EST, as described by Neal and Neal (2013), identifies system levels based on 
the general patterns of social interactions. Organizing the problem of practice into networked 
EST levels provides an understanding of how the various factors and themes associated with the 
problem of practice interact with each other and with the focal individual (i.e., AP students). 





microsystem. The chronosystem frames the understanding of change over time relative to the 
focal individual and to the arrangement of systems surrounding the focal individual. 
Macrosystem level factors include large-scale social and cultural influences on smaller-level 
systems. Exosystem level interactions do not directly involve the focal individual, but the results 
of interactions at this level affect the focal individual directly or indirectly. Mesosystem level 
interactions occur between individuals in different settings, both of which include the focal 
individual. Microsystem level interactions occur between focal individual and their immediate 
environment (Neal & Neal, 2013).  
Factors Related to Student Preparedness and Success in Advanced Placement Courses 
 Applying Neal and Neal’s (2013) networked EST to student preparedness and success in 
AP courses helps frame the relationships among factors influencing the problem of practice. An 
important chronosystem factor related to the problem is the shift in the ethos of the AP program 
since its inception; from elitist to inclusive and expansive (Judson & Hobson, 2015; Rothschild, 
1999). Macrosystem level factors investigated in this study include the benefits of the AP 
Program, specifically access to AP courses and success in AP courses. Exosystem level factors 
related to student preparedness and success in AP courses include federal, state, and local 
policies intended to increase equitable access to AP courses by increasing AP enrollment. 
Mesosystem level factors that influence student preparedness and success in AP courses include 
school characteristics that support or hinder AP access and performance, AP teacher background, 
and AP teacher practices. Microsystem student-level factors that influence student preparedness 
and success in AP courses include student motivation to enroll in AP courses, student attitudinal 
factors, family and peer influences, and student prior knowledge. Framing this literature review 





organization necessary to thoroughly understand the factors related to student preparedness and 

















Figure 1.2. Nested EST framework of systems related to the AP student.  
 Applying Neal and Neal’s (2013) nested EST framework to the literature related to 
student preparedness and success in AP courses led to the conceptual framework (Figure 1.3) for 
the present study, which illustrates the relationships among the factors related to this problem of 





factors related to student preparedness and success in AP courses, those large-scale factors are 
not included in the conceptual framework because of practical limitations of the scope of this 
study. The conceptual framework identifies exosystem district policies related to AP access and 
AP enrollment as influencing school characteristics and teacher factors. School characteristics 
that support or hinder AP preparation and success influence teacher factors and student factors. 
Interactions between teacher factors and student factors ultimately influence student 
preparedness and success in AP courses.   
 
Figure 1.3. Conceptual framework of factors influencing student success in AP courses 
This literature review will begin by describing a macrosystem factor – the benefits of the 
Advanced Placement program – which substantially influences student motivation to enroll in 
AP courses, a factor that will be revisited in the microsystem student-level factors section. 
Access to AP courses and success in AP courses are the next macrosystem factors detailed, 
followed by the exosystem factors, mesosystem factors, and microsystem factors that influence 





Benefits of the Advanced Placement Program 
 The AP program is sponsored by the College Board organization as a pathway to 
rigorous, college-level coursework for high school students (College Board, 2014). Policy-
makers and educational leaders who advocate for the AP program claim students who enroll in 
AP courses have increased opportunities to experience accelerated, challenging learning which 
helps prepare them for their academic futures (Sadler, Sonnert, Tai, & Klopfenstein, 2010).  
Alternate accelerated programs, such as dual enrollment in college courses and International 
Baccalaureate (IB) programs, offer similar benefits as the AP program provides for students 
(Klopfenstein & Thomas, 2009; Sadler & Tai, 2007). Both AP and IB programs provide high 
school students with accelerated, rigorous curricula designed to increase college preparation for 
students and offer students opportunities to earn college credits through end-of-year exams 
(Suldo, Shaunessy-Dedrick, Ferron, & Dedrick, 2018). To contrast the AP and IB programs, 
although the AP program is offered globally, IB programs are more common internationally, 
whereas the AP program is the far more common accelerated curricular program in the United 
States. Further, the IB program is designed as a diploma program featuring multiyear courses, 
whereas the AP program is comprised of 38 courses which students may enroll in on a course-
by-course basis (Suldo et al., 2018). This section will describe benefits of the AP program, 
including benefits related to reduced college tuition, academic advantages (e.g., future SAT 
scores and double majoring), college completion, and college course grades. 
 The benefits of AP courses are most notable for students who pass (i.e., exam scores of 3, 
4, or 5 out of 5) the AP exam (McKillip & Rawls, 2013; Morgan & Klaric, 2007; Morgan, 
Zakhem, & Cooper, 2018; Smith et al., 2017). Students can often earn college credit for passing 





associated tuition and fees (Evans, 2019). Students who participate in AP courses and exams 
have also scored higher on related college entrance exams (i.e., SAT; McKillip & Rawls, 2013). 
An investigation of students who took the PSAT in fall of grade 11, one or more AP exams in 
spring grade 11, and the SAT during grade 12 in 2009 revealed predictive relationships among 
the three exams (McKillip & Rawls, 2013). The study examined students who took one of three 
possible AP exams (i.e., calculus AB [n = 13,321], chemistry [n = 15,503], or English language 
[n = 80,911]) during grade 11. Using multi-level regression, the authors found that while 
students’ PSAT scores predicted much of the variance in students’ SAT scores (e.g., 45% for 
Mathematics), additional variance in SAT scores was explained by students’ performance on AP 
exams (e.g., 13% for Mathematics). Notably, the increases in predicted scores for Mathematics 
ranged from 29 additional SAT points for students who earned a 2 on the AP Calculus AB exam 
to 66 additional SAT points for students who earned a 5 on AP Calculus AB exam. Similar 
findings were reported for Chemistry and English language. The authors suggested student 
motivation factors or school-level characteristics (e.g., teacher effectiveness) as possible reasons 
the students who scored lower on AP exams did not fully benefit from their AP coursework 
(McKillip & Rawls, 2013). Additional academic benefits available for students who pass AP 
exams and earn college credit include double majoring (Evans, 2019) and enrolling in more 
advanced academic courses more often than students who do not earn college credit from AP 
exams (Ackerman et al., 2013; Evans, 2019). An analysis of 72,457 students from 27 colleges 
determined, for most content areas, students who earned a passing AP exam score in a specific 
content area earned higher grades in intermediate college courses in that same content area than 
did non-AP students who took the corresponding introductory course in college instead of the 





college students with AP experience in high school showed completion of AP exams in high 
school was a predictor of positive college outcomes, such as increased college course grades and 
graduation rates (Ackerman et al., 2013). However, students who took AP courses but who did 
not receive college credit because of not earning passing AP exam scores performed similarly in 
college as students who did not complete any AP Exams; indicating AP exam performance—not 
only AP course enrollment or course completion—is a key ingredient for conferring academic 
benefits in college (Ackerman et al., 2013). In a study including more than 4.5 million students 
between 2004-2009, each AP exam a student passed corresponded with a 1-2% increased 
likelihood of their completing college in four years (Smith et al., 2017). In contrast to these 
studies that suggested passing AP exams is required to confer benefits, a relatively small study of 
1,464 students in one suburban school district from 2004-2009 identified a positive relationship 
between AP course participation and completing college in six years (Morgan et al., 2018). 
Limitations to the generalizability of this study included that its data were derived from only one 
school district yielding a relatively small sample size, its use of a binary outcome variable for 
college graduation, and six years is a relatively low standard to measure graduation rate when 
compared to studies that measure college completion within four years, such as Smith and 
colleagues (2017). Overall, except for Morgan and colleagues (2018), most research relating AP 
coursework with future academic benefits for AP students holds true only when the students are 
successful on the AP exams—not simply when they participate in AP courses. Collectively, 
these findings about the general population of AP participants indicate positive academic 
benefits for students that extend beyond AP coursework.  
 In contrast, additional research suggested AP participation masks other, underlying 





Sadler & Tai, 2007). A study of more than 28,000 high school graduates who attended 31 Texas 
public universities found college success—measured by college grade point average (GPA) and 
second year retention rates—was higher for students who participated in AP coursework 
compared to students who never enrolled in an AP course (Klopfenstein & Thomas, 2009). 
However, that advantage for AP students disappeared when controlling for non-AP coursework 
taken in high school, such as honors level courses (Klopfenstein & Thomas, 2009). That finding 
indicates other academic experiences and non-AP coursework may have influenced the college 
success outcome measures as much or more so than the AP coursework; therefore, the authors 
questioned whether the apparent advantage former AP students had in college was due to their 
AP experience or due to other academic or personal factors (Klopfenstein & Thomas, 2009). 
Similarly, a survey of 8,594 students from 55 colleges and universities indicated students who 
passed at least one AP Exam in high school earned higher college course grades; however, that 
advantage was reduced by approximately half when controlling for demographic factors and 
non-AP prior academic achievement such as SAT scores and highest-level math course 
completed (Sadler & Tai, 2007). Furthermore, this study showed college course grades in 
introductory biology, chemistry, and physics were not significantly different between students 
who participated in AP coursework but earned low AP Exam scores (i.e., 1 or 2) and students 
who never participated in an AP course (Sadler & Tai, 2007).  
 Using ACT scores as an outcome measure of student success, a two-year state-wide study 
in Utah of over 90,000 students indicated students who passed either an AP English exam or an 
AP calculus exam corresponded with higher ACT English or ACT mathematics scores, 
respectively (Warne, Larsen, Anderson, & Odasso, 2015). These authors stratified the population 





nonpassers, and (4) AP exam passers. The authors then used propensity score matching and 
regression analysis to calculate estimated marginal mean ACT scores for each group; they then 
compared the estimated marginal mean ACT scores for adjacent groups. The results revealed 
nominal mean differences (some even negative) with small effect sizes among the non-AP 
students, AP exam nonparticipants, and AP exam nonpassers; and much greater, positive mean 
differences with large effect sizes between AP exam nonpassers and AP exam passers. For 
example, the effect of passing the 2011 AP English exam resulted (on average) in increases of 
5.295 points on ACT Reading scores (d = 0.91), and the effect of passing the 2011 AP calculus 
exam resulted (on average) in increases of 3.206 points on ACT Math scores (d = 0.74; Warne et 
al., 2015). Collectively, these studies that indicate students must take and pass AP exams to reap 
the benefits of AP courses underscore the complexity of the AP program and highlight a need to 
better understand to what extent AP courses and other student and school variables contribute to 
future benefits for students.  
Access to Advanced Placement Courses  
 Recent efforts to increase AP enrollment have primarily aimed to increase access to 
rigorous AP courses for traditionally underrepresented populations of students (College Board, 
2014; Judson & Hobson, 2015). The historical and persistent underrepresentation of certain 
student groups—based on gender (Campbell, Brown, & Perry, 2009; Corra, Carter, & Carter, 
2011; Moller, Stearns, Southworth, & Potochnick, 2013; Moore & Slate, 2008; Watt, Huerta, & 
Martinez, 2017), race (Cisneros et al., 2014; Conger, Long, & Iatarola, 2009; Corra et al., 2011; 
Fenty & Allio, 2017; Iatarola, Conger, & Long, 2011; Judson, 2017b; Judson & Hobson, 2015; 
Malkus, 2016; Moore & Slate, 2008; Ndura, Robinson, & Ochs, 2003; Soloranzo & Ornelas, 





2006), and urbanicity (Barbour & Mulcahy, 2006; de la Varre, Irwin, Jordan, Hannum, & 
Farmer, 2014; Fenty & Allio, 2017; Irwin, Hannum, Farmer, de la Varre, & Keane, 2009) have 
been reported to exist due to underlying societal inequities at the macrosystem level. This section 
will discuss research that describes the relative access to AP courses for student subpopulations 
defined by gender, race, SES, and urbanicity.   
 Gender. The majority of research indicated females and males have equal access to AP 
courses, but females enroll in AP courses more frequently than males (Campbell et al., 2009; 
Corra et al., 2011; Moller et al., 2013; Moore & Slate, 2008; Watt et al., 2017). Recall, AP 
access is defined as the opportunity for students to participate in at least one AP course at the 
school they attend (Gagnon & Mattingly, 2016). A statewide analysis in Texas of AP enrollment 
during the 2004-2005 (N = 1,789 schools) and 2005-2006 (N = 1,809 schools) school years 
indicated a higher percentage of females (17%) than males (13%) participated in AP courses 
(Moore & Slate, 2008). Similarly, a six-year statewide analysis in California (N = 874 schools) 
of enrollment in AP mathematics and science courses found the rate of increase in AP enrollment 
for females was greater than males over the study period (Campbell et al., 2009). Further 
evidence of female high school students taking advantage of AP offerings was described by 
Moller and colleagues (2013), who analyzed National Education Longitudinal Study of 
1988/2000 data. Although both males and females from schools that offered relatively high 
numbers of AP courses were more likely to attend selective colleges—as indicated by SAT 
scores of each colleges’ students—than students from schools that offered relatively few AP 
courses, females were more likely to attend selective colleges than males (Moller et al., 2013). 
This finding may indicate females leverage their AP coursework more effectively than males in 





disproportionally took advantage of access to AP courses compared to males, a four-year mixed-
method study including more than 200 high schools from across the United States indicated that 
males and females equally accessed AP courses (Watt, 2017). Conversely, in a study using 2002-
2003 data of one school district (N = 5,470 students) in North Carolina, Corra and colleagues 
(2011) used SAT scores to predict expected AP enrollment and compared that expected 
enrollment to actual AP enrollment, aggregated by gender. Results from this analysis indicated 
that females showed lower levels of AP enrollment than expected for most AP courses based on 
their SAT scores as predictors for AP enrollment, with the exceptions of English and foreign 
language AP courses (Corra et al., 2011). The authors acknowledged because their study was 
limited to one school district in one academic year, their findings may not be generalizable to 
other contexts (Corra et al., 2011). Factors that have influenced male and female enrollment in 
AP courses have most recently resulted in the number of AP exams taken shown in Table 1.3 
(College Board, 2018).  
Table 1.3  
Number of Male and Female Students Taking AP Exams in 2018 in the United States 
Gender Number of students 
who took at least 
one AP exam 
Percent of students 
who took at least 
one AP exam 
Total number of  
AP exams taken 
Percent of total 
number of AP 
exams taken 
Male 1,225,036 43.6 2,293,034 45.0 
Female 1,583,954 56.4 2,797,290 55.0 
 
Collectively, research regarding AP access by gender indicated females enrolled in AP courses 
more frequently than males and thereby took advantage of the opportunities to access rigorous 






 Race. Historically underrepresented minority students have less access to AP courses and 
enroll in AP courses less than White and Asian students (Corra et al., 2011; Judson, 2017b; 
Judson & Hobson, 2015; Malkus, 2016; Moore & Slate, 2008). The construct of AP access by 
race encompasses two related but distinct definitions in the literature. The first definition relies 
on whether students choose to enroll in AP courses and is consistent with how researchers 
describe access to AP courses for males and females (Cisneros et al., 2014; Conger et al., 2009; 
Corra et al., 2011; Judson, 2017b; Judson & Hobson, 2015; Malkus, 2016; Moore & Slate, 2008; 
Ndura et al., 2003). Alternatively, some researchers adopt a different definition of AP access 
which describes whether students of different races have access to AP courses depending on 
whether the high schools they attend offer AP courses (Cisneros et al., 2014; Conger et al., 2009; 
Fenty & Allio, 2017; Iatarola et al., 2011; Malkus, 2016; Soloranzo & Ornelas, 2004). Using the 
first definition of AP access, Corra and colleagues (2011) found among students with high SAT 
scores, White students enroll in AP courses at higher rates than Black students, based on 
expected AP enrollment predicted by SAT scores. Similarly, a survey of eight high schools 
showed minority groups, other than Asian, are greatly underrepresented in AP courses (Ndura et 
al., 2003). In addition, an analysis of national data sets from 2012 and 2013 demonstrated AP 
participation is stratified by race; 41% of White students participated in at least one AP course in 
high school, compared to 27% of Black students, 36% of Hispanic students, and 70% of Asian 
students (Malkus, 2016). Similarly, using a 2009 national data set, Judson and Hobson 
documented the ratio of AP Exams taken per high school graduate by race as 2.42 exams per 
Asian student, 0.90 exams per White student, 0.85 exams per Hispanic student, 0.41 per 
American Indian student, and 0.39 per Black student. Using a statewide analysis of 2004 to 2006 





in AP courses compared to Black (10%) and Hispanic (12%) students. Wilcoxon signed rank 
tests revealed White students enrolled in AP courses significantly more than Black students in 
2004-2005 (z = 21.195, p = 0.0001) and in 2005-2006 (z = 21.572, p = 0.0001); White students 
enrolled in AP courses significantly more than Hispanic students in 2004-2005 (z = 24.324, p = 
0.0001) and in 2005-2006 (z = 24.494, p = 0.0001); and Hispanic students enrolled in AP courses 
significantly more than Black students in 2004-2005 (z = 2.686, p = 0.007) and in 2005-2006 (z 
= 3.531, p = 0.0001). This finding is consistent with a 2009-2010 Arizona statewide study that 
found, based on overall school enrollment demographics, White and Asian students enrolled in 
AP courses disproportionally more frequently than Black, American Indian, and Hispanic 
students (Cisneros et al., 2014). Research clearly indicates historically underrepresented minority 
students enrolled and participated in AP courses at lower rates than White and Asian students. 
However, national growth in enrollment in science, technology, engineering, and mathematics 
(STEM) AP courses and non-STEM AP courses was greatest for Black and Hispanic students 
from 1997 to 2013 (Judson, 2017b). Enrollment in STEM AP courses increased from 1997 to 
2013 by 929% for Hispanic students, 518% for Black students, 340% for Asian students, 287% 
for Native American students, and 252% for White students; enrollment in non-STEM AP 
courses increased from 1997 to 2013 by 799% for Hispanic students, 736% for Black students, 
522% for Native American students, 423% for Asian students, and 278% for White students 
(Judson, 2017b). Finally, using Florida statewide panel data from 2003 and 2006, White students 
were approximately three times more likely to enroll in AP courses than Black and Hispanic 
students; however, those disparities were eliminated when controlling for pre-high school 
characteristics (e.g., students’ eighth grade test scores, limited English proficiency, and learning 





2009). Factors that have influenced enrollment in AP courses by race have most recently resulted 
in the number of AP exams taken shown in Table 1.4 (College Board, 2018). Additional research 
has analyzed AP access to determine if schools that serve primarily certain races equitably offer 
AP courses.  
Table 1.4  
Numbers of AP Exams Taken by Race in the United States 
Race Total number of  
AP exams taken in 
2018* 
Percent of total 
exams taken in 
2018* 
Percent of United 
States population in 
2017** 
American Indian / 
Alaskan Native 
459,12       0.3  0.7 
Asian 825,740   15.0  5.5       
 
Black 791,308      6.3 12.3 
 
Hispanic/Latino 1,092,606 22.2 18.1 
Native Hawaiian /  
Other Pacific Islander 
 
340,7         0.2  0.2 
White  317,443,2  49.6 60.6 
Two or more races 259,223    4.5   2.4 
 
Other 98           0.0   0.3 
 
No response 94,377   1.9 - 
*College Board, 2018 
**“American Community Survey,” n.d. 
 Investigations into AP access by race according to the second definition of AP access – 
which describes whether students of different races have access to AP courses depending on if 
the high schools they attend offer AP courses – have produced mixed results (Cisneros et al., 
2014; Fenty & Allio, 2017; Iatarola et al., 2011; Malkus, 2016; Soloranzo & Ornelas, 2004). A 





were more likely to offer AP courses than schools with higher White populations (Iatarola et al., 
2011). Contrastingly, a 2009-2010 statewide study in Arizona found schools serving high 
minority populations were less likely to offer a wide range of AP courses (Cisneros et al., 2014). 
Similarly, a 2000-2001 analysis of 780 California schools operationalized AP access by dividing 
the school enrollment by the number of AP courses offered—named the AP student access 
indicator (APSAI)—and found that schools with relatively high Latinx enrollment had lower 
APSAI, suggesting Latinx students had less access to AP courses than White students and were 
thereby underrepresented in AP courses overall (Soloranzo & Ornelas, 2004). Two national 
studies reported students of different races had almost the same likelihood of attending a school 
that offers AP courses; White (87%), Black (88%), Hispanic (92%), and Asian (95%) identified 
by Malkus (2016) in 2012 and 2013, and in the 2011-2012 school year, Rodriguez and McGuire 
(2019) found 90% of Black students and 89% of White students attend a school that offers AP 
courses. Finally, Conger and colleagues (2009) used Florida statewide panel data to show 
relatively small differences in the percent of students by race who attended a high school that 
offered at least one mathematics AP or IB course in 2003; all (90%), White (89%), Black (89%), 
Hispanic (95%), and Asian (97%). These mixed results do not suggest that expanding access to 
AP courses will positively affect enrollment by race; thus, differences observed in AP enrollment 
by race may be due to factors other than access. Nonetheless, the relationship between AP access 
and SES has also been investigated.   
 Socioeconomic status. Economically disadvantaged students enroll in AP courses at 
lower rates than economically advantaged students. (Malkus, 2016; Moore & Slate, 2008; Ndura 
et al., 2003; Zarate & Pachon, 2006). An investigation of eight high schools in a single school 





and had correspondingly higher AP enrollment than schools serving low SES students (Ndura et 
al., 2003). Similarly, an analysis of 1,094 public California high schools in 2003 found the 
proportion of students eligible for free or reduced-price lunch negatively correlated with the 
number of AP courses offered (Zarate & Pachon, 2006). Additionally, an investigation of 1,789 
schools in 2004-2005 and 1,809 schools in 2005-2006 in Texas found student enrollment rate in 
AP courses was lower for economically disadvantaged students (approximately 10%) than the 
general student population (almost 15%; Moore & Slate, 2008). Using parent education level as 
an indicator of SES, in 2013, an analysis of national panel data indicated students with parents 
who graduated college were more likely to take AP courses (54%) than students with parents 
with only some college experience (34%), parents who only graduated high school (29%), and 
parents who did not finish high school (29%; Malkus, 2016). This relatively low AP enrollment 
for low-income students has prompted AP expansion programs to attempt to recruit students 
from high poverty backgrounds (Fenty & Allio, 2017). Contrasting these studies that indicated 
economically disadvantaged students have reduced access to AP courses, a 2003 and 2006 
analysis of statewide panel data from Florida found students from high SES backgrounds were 
three times more likely to enroll in AP courses than students from low SES backgrounds; 
however, that poverty gap (i.e., difference in enrollment likelihood between students of high and 
low SES backgrounds) was reduced by 68% and 77% in the two years studied when controlling 
for differences between students before they enter high school (e.g., 8th grade test scores and 
demographics), which indicated SES may not influence AP enrollment as substantially as other 
factors (Conger et al., 2009). Research of the relationship between urbanicity and access to AP 





 Urbanicity. Rural schools, which tend to be more remote (Gagnon & Mattingly, 2016), 
often provide less access to AP courses than suburban and urban schools (Cisneros et al., 2014; 
Gagnon & Mattingly, 2016; Klopfenstein, 2004). Researchers described relationships between 
urbanicity and AP access through virtual AP (VAP) programs that provided students in districts 
with low numbers of potential AP students the opportunity to participate in AP coursework 
(Barbour & Mulcahy, 2006; de la Varre et al., 2014; Fenty & Allio, 2017; Irwin et al., 2009). 
Virtual AP programs offer a potential solution for rural school districts to provide AP access for 
students who otherwise would not be able to enroll in AP courses because of limited numbers of 
interested students or qualified teachers in rural areas (Gagnon & Mattingly, 2016). An analysis 
of 2012 national data revealed only 51% of rural school districts enrolled students in in-person 
AP courses, compared to 78% for town districts, 94% for suburban districts, and 97% for urban 
districts (Gagnon & Mattingly, 2016). Similarly, in 2,000, only 44% of rural Texas high schools 
provided an in-person AP program compared to 73% for non-rural districts (Klopfenstein, 2004). 
This finding of relatively low access to AP courses in rural districts was later supported by a 
similar 2010 study in Arizona (Cisneros et al., 2014).  
Success in Advanced Placement Courses  
 Substantial research has demonstrated that merely accessing AP courses does not 
necessarily yield academic advantages; rather, successfully passing AP exams appears critical to 
gain the full benefits of AP coursework (Ackerman et al., 2013; McKillip & Rawls, 2013; 
Morgan & Klaric, 2007). Further, research suggested that the recent rapid growth of the AP 
program may not have included all components necessary to ensure each and every AP student’s 





This section discusses research investigating if sociocultural macrosystem inequities contribute 
to stratified AP success based on student subgroups of gender, race, SES, and urbanicity.   
 Gender. Success rates of males and females in AP courses and how male and female 
students’ AP coursework relates to future academic advantages has yielded mixed results 
(Ackerman et al., 2013; Malkus, 2016; Moore & Slate, 2008; Campbell et al., 2009). An analysis 
of a national data set from 1990-2009 showed approximately 13% of both males and females 
earned college credit as a result of passing AP exams in 1990; however, throughout the study 
period, the percent of female high school graduates who earned college credit from AP exams 
gradually increased more than the percent for males, resulting in 43% of female graduates 
earning credit compared to 35% of males in 2009 (Malkus, 2016). An analysis of more than 
26,000 college students at one university between 1999-2009 found the relationship between AP 
exam scores and college grades in courses of the same content area was uniformly positive for 
both males and females (Ackerman et al., 2013). In contrast to those two studies which indicated 
equal or greater success for females resulting from AP participation, a two-year statewide 
analysis in Texas found males passed AP exams (i.e., earned a score of 3 or higher) at 
significantly higher rates than females for all AP exams taken in 2005 (male pass rate = 43.5%, 
female pass rate = 41.5%) and 2006 (male pass rate = 42.1%, female pass rate = 39.5%; Moore 
& Slate, 2008). Similarly, a statewide study in California investigated science and mathematics 
AP success from 1998 through 2003 and found males passed AP exams at significantly higher 
rates than females in mathematics (males = 48.6%, females = 41.0%) and science (males = 
40.1%, females = 31.6%; Campbell et al., 2009). These varied reports do not indicate any 
consistent patterns relating gender to AP success. However, investigations into AP success based 





 Race. Several studies investigating success in AP courses, as measured by AP Exam 
scores, found racial minority students, especially Black students, underperform on AP Exams 
compared to White and Asian students (Cisneros et al., 2014; Judson, 2017b; Judson & Hobson, 
2015; McBride-Davis et al., 2015; Moore & Slate, 2008). Findings from the analysis of a 
national data set from 1997-2012 indicated that AP exam pass rates remained relatively stable for 
White (66% in 1997, 65% in 2012) and Asian (67% in 1997, 68% in 2012) students over the 16 
year period, with pass rate standard deviations of 1.1% and 1.4%, respectively. However, AP 
exam pass rates decreased from 1997 to 2012 for students of other races. Specifically, regression 
analysis indicated AP exam pass rates decreased for American Indian students’ from 51% in 
1997 to 46% in 2012 (R2 = .56, p < .05), Hispanic students’ from 61% in 1997 to 43% in 2012 
(R2 = .94, p < .001), and Black students from 36% in 1997 to 29% in 2012 (R2 = .81, p < .001; 
Judson & Hobson, 2015). Furthermore, an analysis of national data from 1997-2013 indicated an 
increase in the percent of STEM discipline AP students earning the lowest possible AP Exam 
score of 1, and the greatest increase in students earning a 1 has been for underrepresented 
minorities, indicating decreasing STEM AP success for minority students (Judson, 2017b). 
Likewise, a 2009-2010 study of more than 250,000 students in Arizona found 37% of Asian 
students enrolled in at least one AP course passed one or more AP exams, compared to 35% for 
White students, 26% for Hispanic students, 14% for Black students, and 8% for American Indian 
students (Cisneros et al., 2014). A statewide study in Texas measuring student pass rates on AP 
exams in 2005 and 2006 found slightly different findings (Moore & Slate, 2008). Hispanic 
students passed AP exams at higher but not significantly different rates (47% in 2005 and 44% in 
2006) than White students (43% in both 2005 and 2006), and both Hispanic and White students 





2006; Moore & Slate, 2008). Additionally, some states have passed legislation in support of 
efforts to increase AP enrollment, such as subsidizing AP exam fees (i.e., Texas, New York, and 
Florida) and paying teachers $50 for each AP exam passed by students (i.e., Florida; McBride-
Davis et al., 2015). An investigation of AP success from 1997 through 2012 in these three states 
found Black students experienced relatively low AP exam pass rates (Texas [27%], Florida 
[27%] and New York [35%]; McBride-Davis et al., 2015) compared to global AP exam pass 
rates which were never lower than 58% during the study period (College Board, 2018). 
Collectively, these studies suggest there is an AP Exam performance gap among races, with 
Asian and White students scoring relatively higher than Hispanic, Black, and American Indian 
students. Additional studies have sought to determine if a relationship exists between SES and 
AP success.   
 Socioeconomic status. Relative to the research on gender and race, little research has 
been conducted to analyze the relationship between SES and AP success. One mixed-methods 
study of 48 highly motivated, college-bound high school graduates classified as low-income 
based on qualifying for free and reduced meals (FARM) indicated low-income students earned 
relatively low scores on AP Exams (Hallett & Venegas, 2011). Additionally, interviews with 
those 48 low-income students during the summer before entering college revealed they endured a 
low-quality AP experience (Hallett & Venegas, 2011), which is a measure of AP success 
infrequently presented in the literature. When asked to describe their AP experience and if their 
AP course(s) prepared them for college, many students independently drew connections between 
their classroom experiences and their AP exam score (Hallett & Venegas, 2011). Factors that 
contributed to these students self-reported low-quality AP experience included AP teachers not 





school scheduling and infrastructure issues that negatively influenced students’ experience and 
performance in AP courses (Hallett & Venegas, 2011). Additionally, an analysis of the national 
Educational Longitudinal Study of 2002 indicated students’ low SES is a predictor of low AP 
Exam scores compared to students of high SES (Jeong, 2009). Further, an analysis of 2012 
national data found 52% of AP students in the top income quartile passed at least one AP Exam 
compared to 24% of AP students in the lowest income quartile (Gagnon & Mattingly, 2016). An 
investigation in California to determine the effectiveness of statewide efforts to increase AP 
offerings and enrollment for economically disadvantaged students between 2000 and 2002 
indicated that gains in AP offerings and enrollment in poor communities were offset by similar 
gains in affluent communities due to actions of affluent schools and families who also advocated 
for improvements of their schools’ AP programs (Klugman, 2013). The author claimed that the 
community had effectively maintained inequities (EMI). This theory is described by Lucas 
(2001) as “socioeconomically advanced actors secure for themselves and their children some 
degree of advantage wherever advantages are possible” (p. 1652). This EMI framework may be 
an important driver of continued inequities in AP success, which are implied by findings from 
two ethnographic studies of affluent high schools (one private and one public) which found 
families and schools used their high SES to maintain advantages by using AP courses and exams 
to leverage advantages in college admissions (Weis & Cipollone, 2013). Both groups of families 
(private and public schools) utilized their capital (social and economic) to position themselves 
for continued advantage, specifically in terms of competitive college admissions (Weis & 






 Urbanicity. Investigations of correlations between urbanicity and AP success have 
primarily addressed relative success of virtual AP programs (VAP) designed to improve AP 
access to students in rural districts (Barbour, 2008; Barbour & Malcahy, 2006; Johnston & 
Barbour, 2013). However, one large study that analyzed 2012 national data from 6,765 school 
districts reported relatively low AP success for students attending rural and town schools – the 
percent of AP students who passed at least one AP exam was 45% in suburban schools, but only 
36% in urban schools, 32% in town schools, and 32% in rural schools (Gagnon & Mattingly, 
2016). Regarding the success of VAP programs, a 2009-2011 study of Florida virtual AP 
students (N = 2,326) found VAP students performed equally or better than classroom-based AP 
students in Florida (N = 171,724) and nationally (N = 1,082,144; Johnston & Barbour, 2013). 
Similarly, of the 66 Canadian schools analyzed in 2002-2003, students in VAP programs in rural 
schools earned higher AP Exam scores than rural students who were enrolled in classroom-based 
AP course (Barbour & Malcahy, 2006). Likewise, an investigation of AP Exam scores of all 
students in the Canadian province of Newfoundland and Labrador between 2002-2005 found 
students performed equally or better in VAP courses than in classroom-based AP courses, in 
terms of final course grades (Barbour & Malcahy, 2008). Although the literature suggested 
students in rural districts may not perform as well on AP Exams as students in urban and 
suburban districts, VAP programs have been employed to increase access and success for 
students interested in AP coursework in rural areas.   
Policies to Increase Advanced Placement Enrollment 
 Educational priorities rooted in various levels of educational organizations – federal (U.S. 
Department of Education, 2009; Klopfenstein, 2004), state (Arce-Trigatti, 2018; Klopfenstein, 





informed policies affecting AP programs and students. This section will discuss education 
policies aimed at increasing AP enrollment—often intended to address inequities in access to AP 
courses—and related factors which act at the exosystem level to AP students.  
 The AP Program experienced remarkable growth in the 1990s, primarily because of 
government funding and increased student demand (Klopfenstein, 2004). The growth of the AP 
Program persisted since then, and in 2009 the United States Department of Education urged 
schools to use stimulus funding from the American Recovery and Reinvestment Act of 2009 to 
expand AP programs and help prepare students for rigorous courses (U.S. Department of 
Education, 2009). Although school districts often determine requirements and policies for AP 
offerings, several states (i.e., Arkansas, Indiana, Mississippi, South Carolina, and West Virginia) 
have mandated all public schools offer at least an established minimum number of AP courses 
(Arce-Trigatti, 2018), and additional states have established other requirements aimed at 
expanding AP programs (Klugman, 2013). State and local mandates that establish minimums for 
AP course offerings and AP enrollment directly affect student outcomes through mechanisms 
such as changing which curricular options are available for students (Arce-Trigatti, 2018). 
Further, such mandates indirectly affect student outcomes through changes in what school 
resources are available, causing students to change schools, or changing student peer group 
composition (Arce-Trigatti, 2018).    
 Several studies have investigated the effects of state policies intended to increase AP 
course offerings and AP enrollment as interventions to bridge existing inequities (Conger et al., 
2009; Klopfenstein, 2004; Klugman, 2013). A 1999 lawsuit, Daniel v. State of California – in 
which parents of a nearly all-minority school sued the state of California because their high 





offered 14 to 18—prompted California to require schools increase their AP course offerings in 
schools that provided small numbers of AP subjects (Klugman, 2013). The state allocated 
resources for this intervention but funding restraints ended the intervention programs after three 
years, thereby limiting the AP expansion efforts (Klugman, 2013). A mixed-method study of 
1,290 California schools examining efforts by the state to expand AP offerings from 2000-2002 
analyzed enrollment and demographic quantitative data and interviews with district 
superintendents and school board members from districts serving predominantly upper-middle 
class families (n = 6), some upper-middle class families (n = 3), and relatively few upper-middle 
class families (n = 2) in 2006 (Klugman, 2013). California’s attempt to promote AP access was 
impeded by factors that preserved class and racial inequalities because although AP access 
increased for low-income students, AP access increased at even higher rates at schools serving 
primarily high-income families (Klugman, 2013). A similar situation in Texas, where well-
intended policies effectively maintained inequality, was documented in an investigation of AP 
course offering patterns from 1994 to 2000 following state financial incentives supporting AP 
program expansions in the 1990s (Klopfenstein, 2004). Although schools serving predominantly 
low-income and minority families greatly increased their AP course offerings in that six-year 
period, schools serving more affluent and White families increased their AP course offerings 
relatively more (Klopfenstein, 2004). Similarly, a statewide analysis of approximately 100,000 
Florida high school graduates in 2003 and 2006 investigated whether demographic gaps in AP 
course taking had changed over those three years due to state financial incentives (Conger et al., 
2009). School reforms aimed at increasing AP enrollment were successful because AP and IB 
enrollment increased for the 2006 graduates; however, AP enrollment increased 





Conger et al., 2009). Collectively, research indicates well-intentioned policies designed to 
increase AP access and enrollment for traditionally underrepresented students have been 
successful, however, possibly due to EMI, “expanded access may simply provide a smoke screen 
covering inequities that persist” (Hallett & Venegas, 2011, p. 485). A description of the AP 
growth trends since the early 1990s will provide perspective of the magnitude of recent changes 
in the AP program.  
 The growth of student participation in the AP program over recent decades is a well-
documented chronosystem factor for AP students (Arce-Trigatti, 2018; Barnard-Brak, McGaha-
Garnett, & Burley, 2011; College Board, 2014; Conger et al., 2009; Judson & Hobson, 2015). An 
investigation of national data sets from 1996-2012 sought to describe trends in AP enrollment 
over the study period (Judson & Hobson, 2015). The number of high school graduates increased 
by 28% during the 17-year period; however, that growth was greatly outpaced by the rate of 
students enrolled in AP courses (291%) and AP exams taken (339%; Judson & Hobson, 2015). 
The increase in rate of AP exams taken is greater than the increase in rate of students enrolled in 
AP courses because, over the study period, more students elected to take the end-of-course AP 
exams (Judson & Hobson, 2015). That study also sought to determine the relationship between 
AP enrollment growth and AP success, as measured by AP exam scores. From 1992 to 2012, 
while AP enrollment rapidly increased, regression analysis indicated performance on AP exams 
decreased significantly, evidenced by a 1992 AP exam pass rate of 66% and a 2012 pass rate of 
59% (R2 = 0.84, p < 0.001; Judson & Hobson, 2015). Notably, the percent of students earning the 
highest possible AP exam score of 5 remained constant over the study period (R2 = 0.064, p = 
.27); however, significant decreases in AP exam scores of 4 (R2 = 0.211, p = 0.04), 3 (R2 = 0.963, 





increase in the lowest possible exam score of 1 (R2 = 0.897, p < 0.001; Judson & Hobson, 2015). 
Similar trends of increasing AP enrollment corresponding with decreasing AP Exam success 
have been documented in additional studies (e.g., Hallett & Venegas, 2011; Judson, 2017b). 
However, compared to investigations of AP access and enrollment trends, studies of factors 
influencing AP exam score trends are difficult to locate in the literature. Trends of increasing 
enrollment and decreasing achievement, which indicate policies that incentivize increasing AP 
enrollment, should be evaluated because enrollment itself has been shown to be insufficient for 
rendering AP success; after all, “the mere existence of AP programs cannot be assumed to equate 
to excellence” (Judson & Hobson, 2015, p. 75).  
Characteristics of Schools and Advanced Placement Teachers 
 Characteristics of schools and AP teachers interact at mesosystem levels to influence AP 
students’ success. This section will first discuss school characteristics that may support or hinder 
AP access and AP success for students (Barnard-Brak et al., 2011; Burney, 2010; Flores & 
Gomez, 2011; Gagnon & Mattingly, 2016; Iatarola, 2016; Iatarola et al., 2011; Rowland & 
Shircliffe, 2016). Then, this section will present research that investigates characteristics of AP 
teachers’ background (Fenty & Allio, 2017; Fischer et al., 2018a; Flores & Gomez, 2011; 
Frumin et al., 2018; Gagnon & Mattingly, 2016; Johnston & Barbour, 2013; Laitusis & Barry, 
2012) and instructional practices (Coffey & Farinde-Wu, 2016; Fischer et al., 2018a; Flores & 
Gomez, 2011; Foust et al., 2009; Howard & Terry, 2016; Judson, 2017a; Parker et al., 2013; 
Rowland & Shircliffe, 2016; Schultz, Duffield, Rasmussen, & Wageman, 2014; Vela et al., 
2018), and how those factors influence teachers’ capacity for effective AP instruction.  
 School characteristics that support or hinder AP access and AP success. Various 





by the number of AP courses offered, such as school size (Barnard-Brak et al., 2011; Gagnon & 
Mattingly, 2016; Iatarola, 2016), school demographics (Barnard-Brak et al., 2011), teacher 
education, teacher experience, and student prior academic performance (Iatarola et al., 2011). 
Smaller schools often offer fewer AP courses compared to larger schools (Barnard-Brak et al., 
2011; Iatarola, 2016; Iatarola et al, 2011). An analysis of more than 111,000 school districts 
using 2012 national data sets determined that relatively few AP offerings in small schools may 
be due to small schools having relatively low numbers of capable students compared to large 
schools (Gagnon & Mattingly, 2016). Further, a study using Florida panel data of 407 school 
districts in 2001-2002 and 2005-2006 found approximately 3% of the smallest schools (i.e., the 
10% of schools with the lowest student enrollment) offered either AP or IB courses, compared to 
100% of the largest schools (i.e., the 30% of schools with the highest student enrollment; Iatarola 
et al., 2014). An investigation of 12,144 students using National Education Longitudinal Study 
of 1988/2000 data found, when controlling for school size, as the percent of minority and low 
SES students in schools increased, the number of AP courses offered in schools slightly 
decreased (Barnard-Brak et al., 2011). However, percent minority and low SES characteristics of 
the schools were not associated with the number of students enrolled in AP courses when 
controlling for school size; therefore, the authors suggested disproportionate AP access existed 
based on the racial composition and SES composition of schools (Barnard-Brak et al., 2011). 
Furthermore, during a period of AP expansion due to incentives for schools, teachers, and 
students, Iatarola and colleagues (2011) compared data from 407 public Florida high schools in 
the 2001-2002 school year to the 2005-2006 school year to determine what school or student 
characteristics correspond to AP course offerings. Teacher education and experience did not 





more AP course offerings at a school was the number of students entering that high school with 
far above average 8th grade state assessment scores (Iatarola et al., 2011). This association 
implies while increasing AP course offerings, additional factors also need to be considered, such 
as effectively building a population of well-prepared students (Iatarola et al., 2011).  
 Qualitative research offers possible explanations for school-level characteristics 
associated with low AP access for some student subpopulations (Rowland & Shircliffe, 2016; 
Flores & Gomez, 2011). A qualitative investigation of three suburban Florida schools during the 
2009-2010 school year included interviews with 30 district leaders, principals, and teachers 
(Rowland & Shircliffe, 2016). This study followed a period of rapid school population growth 
and demographic changes since 2000 and sought to determine what barriers existed for 
increasing AP course enrollment for traditionally underserved students (Rowland & Shircliffe, 
2016). All participants shared support for ongoing efforts to open access to AP courses for 
students in the “academic middle” (Rowland & Shircliffe, 2016, p. 413); however, the perceived 
barriers to achieving that goal differed by participant group. District and school administrators 
identified teacher gatekeeping (i.e., careful selection of students entering their AP course) and 
parent resistance to expanding AP enrollment as the major barriers to effectively increasing AP 
enrollment for traditionally underserved students (Rowland & Shircliffe, 2016). Contrastingly, 
teachers claimed teacher accountability measures created disincentives to include students from 
the academic middle in AP courses (Rowland & Shircliffe, 2016). Teachers were afraid that if 
relatively more of their students received lower AP exam scores, then the teachers’ perceived 
effectiveness would be downgraded (Rowland & Shircliffe, 2016). An investigation in an urban 
California school, Fontana High School, serving more than 4000 students, most of whom were 





enrollment from 2008-2010 (Flores & Gomez, 2011). Student interviews indicated they 
supported their school actively recruiting students from non-advanced academic tracks to enroll 
in AP courses, but not simply to boost AP enrollment numbers (Flores & Gomez, 2011). In a 
meeting with the principal, these students advocated for quality instruction from qualified AP 
teachers; and as this school expanded its AP program, it worked to shift the mindset of all 
stakeholders to a stance insisting that AP courses were not only for elite students (Flores & 
Gomez, 2011). Various infrastructure supports were important during this AP expansion, 
including aligning pre-AP curricula and increasing rigor, training teachers to instruct AP courses, 
designing a master schedule to support smaller class sizes, building outreach programs for 
families and middle school students, and developing professional learning communities (PLCs; 
Flores & Gomez, 2011). 
 Research of school characteristics related to AP success is relatively limited (Burney, 
2010; Flores & Gomez, 2011), unlike the amount research on school characteristics related to AP 
access previously described. An investigation of 339 public high schools in one midwestern state 
during the 2005-2006 school year used hierarchical linear regression to analyze 14 school-level 
variables to determine which variables correlated with AP exam performance, as measured by 
the ratio of passing (i.e., 3, 4, or 5) AP exam scores to total AP exams taken (Burney, 2010). 
Most of the variance in AP exam performance was explained by relatively fixed variables (63%, 
p = .000), such as senior class size, PSAT scores, SAT scores, and community demographics 
(Burney, 2010). Whereas 17% (p = .000) of the variance in AP Exam performance was explained 
by factors that schools have more control over, such as the number of AP courses offered and the 
number of students positioning themselves for selective college admissions by taking SAT 





district-level variables including percentage of district-identified high ability students and the 
number of academic extracurricular activities and elementary level academic competitions 
(Burney, 2010). These results suggest schools should not consider school-level fixed factors as 
insurmountable barriers; instead, schools should focus on effective ways to provide supportive 
infrastructure for students and teachers that will help prepare students for academic success 
(Burney, 2010). Similar suggestions were made by Flores and Gomez (2011) in their previously 
described study of Fontana High School, who advocated that schools must provide the 
instructional infrastructure needed for those students moving up to AP courses to be successful. 
Corresponding with the AP expansion efforts that began in 2008 at Fontana High School, shown 
in Table 1.5, the school’s state-specific academic performance index (API) rankings increased 
annually, as well as the school’s high school exit exam pass rates, indicating additional academic 
benefits of AP participation (Flores & Gomez, 2011).  
Table 1.5  
Measures of Student Outcomes at Fontana High School Corresponding with AP Expansion That 
Began in 2008 
Academic 
year 
Total number of  
AP exams taken 
Percent of AP 




California high school 
exit exam pass rate 
(Math/ELA) 
2006-2007 510 46 626 68/67 
2007-2008 436 48 653 72/73 
2008-2009 529 41 676 76/74 
2009-2010 762 31 688 75/75 
 
Contrasting these positive measures of student performance, the percent of students passing AP 
exams generally decreased over the same time (Flores & Gomez, 2011). These decreasing AP 





challenge associated with expanding AP programs without first establishing required supports 
for AP teachers and students (Flores & Gomez, 2011). The authors propose various suggestions 
for schools based on their qualitative research: (a) creating school master schedules that support 
smaller classes; (b) making schools, parents, and students aware AP is not just for top students; 
(c) increasing opportunities for vertical teaming (i.e., collaboration among teachers of various 
grade levels in the same discipline); (d) increasing training of AP teachers on scaffolding 
techniques; (e) increasing rigor in pre-AP courses; (f) increasing opportunities for inter-school 
sharing of best practices; (g) developing a motivated AP PLC; and (h) structuring teaching 
assignments so AP teachers also teach lower level classes (Flores & Gomez, 2011). Some of 
these mesosystem level suggestions by Burney and Flores and Gomez are related to the 
background and training AP teachers have experienced and AP teachers’ instructional practices.  
 Advanced Placement teacher background. The professional background of AP 
teachers is an important mesosystem factor that influences AP teachers’ capacity to successfully 
implement AP curricula. Providing quality training and professional development (PD) for AP 
teachers may be a critical component of effectively preparing the AP student population that has 
become increasingly academically diverse in terms of the skills, strategies, and knowledge 
needed to be successful in rigorous AP courses. Researchers have studied online and in-person 
teacher training and PD intended to build teacher capacity for teaching AP courses. Gagnon and 
Mattingly (2016) identified several pathways for improving AP teachers’ capacity to 
successfully implement AP curricula. Among the authors’ suggestions is that districts provide 
the necessary funding for AP-specific training programs, such as AP summer institutes (APSI), 
which have been shown to prepare AP teachers to implement AP curricula with fidelity (Laitusis 





teachers in which participants not only collaborate about the syllabus and instruction, but they 
gain insights regarding AP exam scoring which can inform their classroom activities, 
assignments, and evaluation of student work throughout AP courses (College Board, 2018).  
Another online mechanism that can help prepare teachers for delivering AP curricula is the 
College Board’s AP Teacher Community (APTC; Frumin et al., 2018). Evaluation of various 
formats of AP teacher development opportunities indicated the APTC—a robust, online platform 
designed to maximize AP teacher collaboration—offered several advantages for AP teachers 
(Frumin et al., 2018). Noteworthy advantages of the APTC were that it offered teachers support 
year-round, was intuitive for teachers because it was co-created by teachers, was helpful for AP 
teachers of all experience levels, reduced isolation, and provided emotional and practical support 
for teachers (Frumin et al., 2018). These features of the APTC allowed for convenient 
collaboration among AP teachers and an ability to personalize content, as AP teachers could 
discuss strategies and share resources (Frumin et al., 2018). These benefits of the APTC likely 
contributed to its association with improvements in student AP exam scores and self-reported 
shifts in teacher practices toward more content depth and scientific inquiry in AP biology, 
chemistry, and physics courses (Frumin et al., 2018). In addition to collaborating in the national 
APTC, opportunities for teachers to collaborate can also exist locally.  
 A lack of school-based, teacher-supportive environments may inhibit AP teachers’ ability 
to collaborate with other teachers, thereby hindering teachers’ capacity to effectively implement 
AP curricula (Fischer et al., 2018a; Fischer et al., 2018b; Flores & Gomez, 2011). Flores & 
Gomez (2011) investigated PD opportunities for AP teachers that may correspond with improved 
student outcomes. They found that developing an AP professional learning community (APPLC) 





AP courses. The APPLC offered opportunities for frequent sharing of best practices and allowed 
for a congruent school-wide focus on writing skills important for AP Exams (Flores & Gomez, 
2011). Providing motivated AP teachers with training in scaffolding techniques that help 
students advance to the next stage of learning may also support teachers’ capacity to address the 
shifting academic profile of AP students resulting from recent efforts to increase AP enrollment 
(Flores & Gomez, 2011). Investigations into critical components of PD for teachers adjusting to 
the substantial AP Chemistry curricular and exam redesign of 2014 found AP teachers needed 
time, support, and training opportunities to fully implement the new curriculum (Fischer et al., 
2018a). A lack of formal PD opportunities may curtail teachers’ ability to effectively deliver AP 
instruction and implement critical components of newly designed curricula (Fischer et al., 
2018b). Additionally, simply gaining experience teaching a new curriculum for multiple years 
provides teachers time to reflect and improve; therefore, school administration should remain 
supportive and patient with both novice and experienced AP teachers, particularly following a 
curricular overhaul (Fischer et al., 2018a).  
 Advanced Placement teacher practices. Advanced Placement teachers’ instructional 
practices and attitudes impact student learning, development, and success in AP courses (Fischer 
et al., 2018a; Flores & Gomez, 2011; Rowland & Shircliffe, 2016). These mesosystem factors 
may be particularly influential for underrepresented students in the “academic middle” (Rowland 
& Shircliffe, 2016, p. 413) who are enrolling in their first AP courses. AP teachers who do not 
employ student-centered, innovative instructional designs in their courses may be limiting their 
students’ opportunities for success (Fischer et al., 2018a). For example, cross-curricular planning 
and implementing interdisciplinary lessons with teachers of different content areas is a well-





Jacobs, 1989; Repko, 2008; Savage, 2011; Vars, 1991). Flores and Gomez (2011) found that AP 
teachers who do not apply this cross-curricular strategy to AP courses may not be optimizing 
their teaching practices. For example, the collaboration between an AP world history teacher and 
an Honors English teacher—who shared many of the same students—increased students’ 
performance in both classes (Flores & Gomez, 2011). In addition, in response to the 
aforementioned AP chemistry curricular redesign of 2014, a study analyzing national data panels 
identified particularly important teaching practices: incorporating inquiry-based laboratory 
investigations in their classes, providing writing guidance for AP exam free-response questions, 
and affording opportunities for students to practice content exam questions during class; noting 
that teachers who did not employ these teaching practices may not have offered their students 
optimal opportunities for success (Fischer et al., 2018a). Furthermore, Schultz and colleagues 
(2014) compared student perceptions and AP exam scores of students who completed a 
traditional AP chemistry course to students who completed an AP chemistry course taught the 
following year by the same teacher, but the later course employed a flipped classroom model of 
instruction. The students who experienced the flipped classroom model averaged higher AP 
chemistry course exam scores and reported a more favorable perception of the flipped classroom 
experience relative to reports from the previous year’s traditional classroom students (Schultz et 
al., 2014). Additionally, AP United States government and politics students’ AP exam scores 
from one high school who were taught using project-based learning (PBL) instructional designs 
(n = 89, x̄ = 2.33) were compared to students’ AP exams scores from two similarly achieving 
high schools that used traditional instructional methods (n = 87, x̄ = 2.03; Parker et al., 2013). 
The AP exam scores for students taught by PBL instructional designs were higher than the AP 





et al., 2013). By relying on cyclical teaching using projects instead of traditional teaching 
methods such as direct instruction, students may better learn the disciplinary ideas and skills 
needed (e.g., collaboration, evidence collection, claim evaluating, and contextualizing) to make 
evidence-based arguments related to the content (Parker et al., 2018). Cycling or spiraling 
previously presented ideas as newer ideas are introduced may benefit student learning by 
increasing long-term retention of content (Brown, Roediger, & McDaniel, 2014). The cited 
studies show that AP success can increase when teachers deliberately employ innovative 
instructional practices and curricular designs.  
 Developing mutual respect and an ability to productively engage with all diverse students 
is critical for successful learning in classes (Howard & Terry, 2016). Many AP students who 
have recently moved up to advanced academic coursework are students of color and represent 
diverse cultural backgrounds (Hallett & Venegas, 2011; Iatarola, Conger, & Long, 2011; Judson 
& Hobson; 2015 Klugman, 2013). Therefore, AP teachers should employ culturally responsive 
teaching (CRT) to optimize their positive influence on all diverse learners (Howard & Terry, 
2016). A school-wide intervention study from 2004-2007 infused CRT with instructional 
practices through tutors, similar to teachers’ aides, who worked with teachers and students 
during and after school (Howard & Terry, 2016). The authors showed that AP enrollment, 
college-going rate, and graduation rate increased for African American students when provided 
with effective CRT. Similarly, Coffey and Farinde-Wu (2016) demonstrated that novice AP 
teachers, even when of the same minority race as most of their students, understand that their 
own identity and background could be quite different than that of their students. Therefore, AP 





teachers and students by incorporating more culturally responsive instructional methods (Coffey 
& Farinde-Wu, 2016).  
In addition to culturally responsive teaching, AP teachers may positively influence 
student motivation (Foust et al., 2009) and self-efficacy—which Bandura (1977) defined as an 
individual’s belief in their ability to perform behaviors required to produce a specific desired 
outcome—(Vela et al., 2018) by demonstrating other positive forms of interactions with 
students. For instance, Foust and colleagues (2009) showed students believed their AP teachers 
were more enjoyable, liked their students more, and demonstrated more mutual respect than did 
their non-AP teachers. Teachers exhibiting affability and respect is among the strategies that 
teachers can use to promote positive classroom interactions and enhance student motivation to 
learn (Foust et al., 2009). When AP teachers also teach non-AP classes, the ways those teachers 
approach the different level classes has been shown to be different in terms of attitudes and 
instructional design (Judson, 2017a). For instance, teachers believed their AP students could 
handle more autonomy, needed less explanation and review of content, and benefited from more 
homework compared to their non-AP students (Judson, 2017a). Furthermore, in an investigation 
of Latinx students’ perceptions of teacher support, AP students perceived more support from 
their teachers than non-AP students perceived from their teachers (Vela et al., 2018). 
Specifically, AP teachers were viewed by their students as being more accessible, investing more 
in their students, and expecting more of their students, when compared to non-AP teachers (Vela 
et al., 2018). The increased expectations and investment of AP teachers strongly correlated with 
students’ college self-efficacy, and the increased accessibility to teachers was a strong predictor 





teacher characteristics, particularly their professional background and their instructional 
practices, influence students’ preparedness for AP coursework and success in AP courses.  
Advanced Placement Student-level Factors 
 This section will discuss microsystem level factors that influence students’ participation 
and success in AP courses, namely: student motivation to enroll in AP courses (Flowers, 2008; 
Klopfenstein & Thomas, 2009; Sadler & Tai, 2007; Warne et al., 2015; Smith et al., 2017), 
student attitudinal factors (Bryan et al., 2011; Fenty & Allio, 2017; Foust et al., 2009; Ryu, 2015; 
Shaunessy-Dedrick et al., 2015; Vela et al., 2018), family and peer influences (Flores & Gomez, 
2011; Foust et al., 2009; Shaunessy-Dedrick et al., 2015; Walker & Pearsall, 2012; Weis & 
Cipollone, 2013), and student prior knowledge (Hallett & Venegas, 2011; Judson & Hobson, 
2015; National Research Council, 2002; Terry, de La Harpe, & Kontur, 2016; Walker & 
Pearsall, 2012).  
 Student motivation to enroll in Advanced Placement courses. Students who 
understand the potential benefits of the AP program may be motivated to enroll and be 
successful in AP courses (Warne et al., 2015). This section will first present factors related to 
student motivation to enroll in AP courses, followed by factors related to student motivation to 
be successful in AP courses.  
First, reports that cite correlations between AP participation and future academic 
advantages may motivate students to enroll in AP courses. An analysis of approximately 25,000 
students from the National Education Longitudinal Study of 1988/2000 investigated AP 
participation’s influence on education and labor outcomes (Flowers, 2008). Compared to 
students who did not participate in an AP course in high school, students who participated in AP 





completed higher levels of postsecondary education, and earned higher average incomes 
(Flowers, 2008). Flowers noted this study may have been limited because it used only descriptive 
statistics, and other potentially relevant variables were not analyzed (e.g., demographics, family, 
institution, non-AP academic factors, student attitudes, student academic background). Another 
study of more than 28,000 high school graduates who attended Texas public universities in 1999 
controlled for more variables and reported contrasting findings (Klopfenstein & Thomas, 2009). 
First semester college GPAs and second year retention rates were higher for former AP students 
than students who never participated in an AP course; however, when controlling for non-AP 
coursework in high school by using multivariate regression analysis (i.e., years of science taken, 
years of foreign language taken, highest mathematics level completed, and participation in 
honors courses), there were no differences between the GPAs and retention rates for former AP 
students and students who never participated in AP courses (Klopfenstein & Thomas, 2009). 
This study’s findings implied that students whose non-AP high school coursework was similar 
performed similarly in college, calling into question whether AP courses impacted students’ 
college success or other student characteristics influence their college success (Klopfenstein & 
Thomas, 2009). 
Second, expectations that AP success may confer future academic advantages may serve 
to motivate students to enroll in AP courses (Sadler & Tai, 2008). Sadler and Tai (2007) 
analyzed survey data from undergraduate students (N = 937) attending 55 colleges around the 
United States. The students were enrolled in an introductory college science and had previously 
completed an AP course in the same content area. Correlation analyses showed that AP exam 
scores correlated more to college science grades (r = 0.328) than other academic measures, 





Tai, 2007). However, similar to Klopfenstein and Thomas (2009), when Sadler and Tai (2007) 
controlled for demographics and prior achievement, the apparent advantage for students who had 
previously completed the AP science course was reduced by approximately half; notably, only 
students who earned AP exam scores of 3 or higher earned significantly higher grades than 
average (x̄ = 80.42, SE = 0.12) in the corresponding college introductory science course; AP 
exam score of 1 (x̄ =78.25, SE = 1.25), 2 (x̄ = 80.70, SE = 0.86), 3 (x̄ = 81.88, SE = 0.76), 4 (x̄ = 
83.84, SE = 0.94), and 5 (x̄ = 85.02, SE = 1.18). These findings indicated students need to be 
successful on AP exams—not merely enroll in the course—to confer academic advantages, such 
as earning college credit and higher grades in college (Sadler & Tai, 2007). The positive effect of 
achieving AP success by earning a 3 or higher on the AP exam was also supported in an 
investigation of two cohorts of all public high school graduates from Utah in 2010 and 2011 that 
indicated participation in AP English and AP calculus had no benefit for students who merely 
enrolled in the course, in terms of college entrance ACT exams (Warne et al., 2015). Students 
who took the corresponding AP exam earned slightly higher ACT exam scores, but the greatest 
increase in ACT scores corresponded with scores of 3 or higher on the AP exam (Warne et al., 
2015). Additional support for the impact of earning a passing AP Exam score came from an 
analysis of a national data set of more than 4.5 million students between 2004 and 2009 (Smith et 
al., 2017). Earning AP Exam scores of 3 or higher increased the likelihood students would 
complete college in 4 years by 1-2% per exam (Smith et al., 2017). Collectively, research 
indicates success on AP Exams corresponds with future academic advantages, which may be a 
motivating factor for students to enroll and energetically participate in AP courses.    
 Student attitudinal factors toward enrollment and success in AP courses. Certain 





achievement motivation (Bryan et al., 2011; Shaunessy-Dedrick et al., 2015), and self-
determination (Bryan et al., 2011), may interact with students’ enrollment and success in AP or 
other advanced academic courses. This section will first discuss studies that analyzed 
microsystem attitudinal constructs through a social cognitive theoretical lens, and then present 
additional studies that suggest attitudinal constructs as influential factors for students’ 
preparedness and success in AP courses.  
 Social cognitive theoretical frameworks have been used to investigate AP student attitude 
constructs (Bryan et al., 2011; Vela et al., 2018). An analysis of survey data from college 
students who had completed AP coursework (n = 57) and students who had no AP experience (n 
= 63) from the Central Southern region of the United States was conducted by Vela and 
colleagues (2018) based on the social-cognitive career theory (SCCT; Lent, Brown, & Hackett, 
1994, 2000). The premise of SCCT is that an individual’s environment and local support 
influence that individual’s goals and career-related self-efficacy (Vela et al., 2018). Vela and 
colleagues (2018) found when teachers held high expectations for students and demonstrated 
investment (i.e., teachers engaging in behaviors to help students’ future success), students 
benefited from increased college self-efficacy. Further, higher perceived accessibility of teachers 
was a strong predictor of vocational self-efficacy (Vela et al., 2018). Students enrolled in AP 
courses perceived their teachers as holding higher expectations and being more invested and 
accessible compared to students not enrolled in AP courses (Vela et al., 2018). Similarly, Bryan 
and colleagues (2011) used a social cognitive lens to conduct a mixed-methods analysis of first 
and second-year high school students enrolled in introductory science classes in a suburban 
public high school in the Southeast United States. This study analyzed survey data about student 





relationship between students’ intrinsic motivation, self-efficacy, self-determination, and 
achievement. Students who aspired to enroll in AP courses later in high school scored higher 
than non-AP aspirants in intrinsic motivation, self-efficacy, and self-determination (Bryan et al., 
2011). Advanced Placement aspirants were also more motivated to learn science and had higher 
achievement in their overall high school science course grade than non-AP aspirants (Bryan et 
al., 2011). Advanced Placement aspiring students stated they welcomed intellectual challenges 
and sought an advantage for admission at a good college, thereby demonstrating competitive 
attitudes toward college admission exists early in high school (Bryan et al., 2011). Student 
achievement motivation is fundamental in advancing students’ opportunity to learn and be 
academically successful, and students in this study demonstrated attitudes important for AP 
success (Bryan et al., 2011). However, perhaps not all students enrolling in AP courses under the 
AP expansion policies possess these characteristics and attitudes, echoing “concerns that students 
are being encouraged to participate in the AP program without adequate preparation” (Bryan et 
al., 2011, p. 1061). 
 Additional microsystem factors may interfere with students developing or maintaining 
attitudes that support success on AP exams or in AP coursework (Fenty & Allio, 2017; Foust et 
al., 2009; Ryu, 2015; Shaunessy-Dedrick et al., 2015). Ryu conducted an ethnographic study of 
one AP biology teacher’s two AP classes at a mid-Atlantic suburban school during the 2010-
2011 school year, which included students who were racially, ethnically, and linguistically 
diverse (approximately one-third White, one-third Korean, and one-third non-Korean Asian, with 
a few Black and Latinx students). This investigation applied a figured worlds theoretical 
framework, described by Holland, Skinner, Lachicotte, & Cain (1998) as “a socially or culturally 





significance is assigned to certain acts, and particular outcomes are valued over others” (p. 52). 
Ryu (2015) used this framework to evaluate how students were ranked or positioned differently 
based on their acts and behaviors that were differentially interpreted and valued in an AP biology 
class (Ryu, 2015). Transnational, newcomer Korean students were positioned at lower status by 
the teacher and students because of relatively low biology achievement and a low rate of 
participation in class discourse (Ryu, 2015). Language barriers contributed to newcomer Korean 
students’ inability to adapt to United States school practices (Ryu, 2015). This study raised the 
question of whether AP teachers may unintentionally position students inappropriately because 
of expectations that are not equitable for all students, leading to a reduction of those students' 
self-efficacy in learning science and self-advocacy. As described previously, Fenty & Allio 
(2017) conducted a 2013-2015 mixed-method study of New York’s virtual AP (VAP) program. 
Students recruited into the state’s VAP program lacked time management and were not self-
directed learners (Fenty & Allio, 2017). However, these skills are often lacking in high school 
students, and absence of these skills should not exclude students from participation in AP 
courses (Fenty & Allio, 2017). Rather, AP courses may benefit from incorporating features to 
help build students’ time management and self-directed learning skills (Fenty & Allio, 2017). 
Shaunessy-Dedrick and colleagues (2015) conducted interviews with struggling (n = 15) and 
successful (n = 15) AP (n = 19) and IB (n = 11) students in 2010 at six Florida schools to 
determine how students perceived benefits and disadvantages of advanced academic courses in 
high school. Students reported primary sources of stress were meeting various academic 
demands and finding a balance between academics, social life, and extracurricular activities; 
effective coping strategies for this stress included time management, temporary diversions, and 





success that emerged from the interviews were possessing a strong work ethic and high 
achievement motivation (Shaunessy-Dedrick et al., 2015). The identified coping responses and 
personal traits can partially explain how students deal with and perceive the demands of AP 
coursework, underscoring the importance of this study because little research has sought to 
understand the predictors of risk and success for students enrolled in advanced high school 
courses (Shaunessy-Dedrick et al., 2015). A final qualitative study of four high schools in one 
state aiming to describe relationships among student attitudes and AP courses conducted 
interviews and focus groups of 84 students who were enrolled in AP or IB courses (Foust et al., 
2009). This was a rare study because it investigated student perceptions of nonacademic 
ramifications of participation in advanced academic courses (Foust et al., 2009). Students’ 
perceived advantages of AP and IB participation compared to general education participation 
included better class atmospheres, more opportunities to form special bonds among peers, and 
greater pride and self-confidence from completing more challenging work (Foust et al., 2009). 
Students’ perceived disadvantages included unflattering stereotypes, heavy workload, and 
additional stress and fatigue (Foust et al., 2009). Overall, research has indicated certain 
attitudinal traits (e.g., self-efficacy, high achievement motivation, and self-directed learning) 
may make AP students more likely to enroll in AP courses and more likely to experience success 
on AP exams or in AP coursework.  
 Family and peers. Student interactions with family and peers influence students’ 
participation and success in AP courses (Flores & Gomez, 2011; Foust et al., 2009; Shaunessy-
Dedrick et al., 2015; Walker & Pearsall, 2012; Weis & Cipollone, 2013). Research in this area 
investigates how family and peer microsystem factors influence student enrollment in AP 





in the extent to which AP students achieve success and obtain associated benefits (Foust et al., 
2009; Shaunessy-Dedrick et al., 2015; Weis & Cipollone, 2013).   
 Families and peers influence student participation in AP courses, particularly for 
traditionally underrepresented students (Flores & Gomez, 2011; Walker & Pearsall, 2012). A 
qualitative analysis of focus groups with four Latinx students and seven parent participants from 
one suburban, Western United States high school investigated policy, academic, and 
sociocultural factors which encourage and inhibit Latinx students from participating in AP 
courses (Walker & Pearsall, 2012). The authors hypothesized AP access policies were the major 
barrier to Latinx students' access to AP courses; however, social and cultural factors (i.e., peer 
relations and family support) were the most significant factors inhibiting Latinx AP participation. 
Additionally, Flores and Gomez’s (2011) mixed methods investigation of strategies to increase 
AP participation for underrepresented students in California during the 2008-2010 school years 
identified the importance of informing families that AP is not only for top-performing students, 
to counteract any elitist misconceptions of the AP program and to increase families’ awareness 
of benefits conferred by the AP Program (Flores & Gomez, 2011). 
 Peers and families may influence the extent to which students achieve success and obtain 
advantages associated from the AP program (Foust et al., 2009; Shaunessy-Dedrick et al., 2015; 
Weis & Cipollone, 2013). The previously described qualitative analysis of 84 AP and IB students 
from four high schools by Foust and colleagues (2009) investigated nonacademic advantages and 
disadvantages of AP enrollment. Improved bonds and relationships with peers were among the 
perceived benefits to AP courses (Foust et al., 2009). Scant research exists for nonacademic 
benefits of AP courses, but benefits of improved peer relationships may play a key role in 





recall Shaunessy-Dedrick and colleagues’ (2015) qualitative analysis of successful (n = 15) and 
struggling (n = 15) AP and IB students from six Florida schools in 2010. Part of that study 
sought to understand the social, familial, and educational supports and barriers that interacted 
with students’ success in advanced coursework (Shaunessy-Dedrick et al., 2015). Support from 
peers, parents, and teachers were the most influential supports for AP and IB students, compared 
to other environmental factors, like educational supports (Shaunessy-Dedrick et al., 2015). A 
final study of family influences on advantages of AP courses for students was a qualitative 
investigation with students, parents, counselors, teachers, and administrators at two suburban, 
elite, affluent high schools in the Northeastern United States during the 2009-2010 school year 
(Weis & Cipollone, 2013). Investigators compared data from a public school (N = 37) to a 
private school (N = 38) to determine how parents of middle/upper class students used their social 
positions to maintain advantages for their children, particularly in the college admissions process 
(Weis & Cipollone, 2013). Private school and public school families utilized their social and 
economic capital to position themselves for continued advantage in competitive college 
admission processes (Weis & Cipollone, 2013). Drawing a contrast between the two schools, 
private school families actively pushed and prodded their children up to the end of the challenge 
for selective college admissions, whereas the public school families invested upfront in their 
children and then granted autonomy later in the process (Weis & Cipollone, 2013). Collectively, 
research indicates families and peers play an important role in encouraging students both to 
enroll in AP courses and to obtain available advantages and positive outcomes of AP 
coursework.  
 Prior knowledge. Students’ mastery of prior academic content influences students’ 





La Harpe, & Kontur, 2016). Students have reported feeling underprepared to be successful in AP 
coursework (Hallett & Venegas, 2011; Walker & Pearsall, 2012) and research has quantitively 
demonstrated that increasing percentages of students are underprepared for success in AP 
courses (Hallett & Venegas, 2011; Judson & Hobson, 2015). This section presents evidence at 
the students’ microsystem level of how students’ prior knowledge influences their performance 
in AP courses. First, evidence of the importance of prior academic experience will be described, 
followed by possible justifications for why gaps in students’ prior knowledge persist.  
 Prerequisite content knowledge is an important factor for students’ success in the next 
level course (National Research Council, 2002; Terry et al., 2016). A two-year investigation by a 
National Research Council (2002) committee critically examined the status of AP mathematics 
and science programs. Students’ prior academic experience was the primary factor leading to 
participation in AP mathematics and science courses (National Research Council, 2002). 
Furthermore, a quantitative analysis of approximately 3,000 students’ course grades at the United 
States Air Force Academy from 2011 to 2013 provided evidence of how mastery of content-
specific prior knowledge impacted learning in future courses (Terry et al., 2016). Researchers 
compared student course grades in a Physics II course to prior prerequisite and non-prerequisite 
course grades; they found students with strong prerequisite course grades earned higher scores in 
Physics II than students with weak prerequisite course grades (Terry et al., 2016). That learning 
gap, as measured by course exam scores, between students with strong prerequisite course grades 
and students with weak prerequisite course grades increased as the semester of Physics II 
progressed (Terry et al., 2016). Another correlation indicated as the average grade in the 
prerequisite courses increases, the average grade in Physics II exam grades increases; however, 





History courses and their Physics II grades, implying these results are specific for prerequisite 
courses and building learning progressions (Terry et al., 2016). This study emphasizes the 
importance of students being adequately prepared with content-specific prior knowledge before 
enrolling in advanced academic coursework, including AP courses.  
 Adequate preparation for AP coursework has been limited by early ability-tracking 
(Walker & Pearsall, 2012) and relatively low-quality academic experiences prior to and during 
AP courses (Hallett & Venegas; Judson & Hobson, 2015). Recall Walker and Pearsall (2012) 
found the major barriers to AP participation for Latinx students were peer relations and family 
support in their qualitative analysis of student (n = 4) and parent (n = 7) participants from one 
high school. However, additional factors that inhibited minority representation and achievement 
in AP courses included practices promoting early ability-tracking of students, due to which 
students tracked in low level courses may not have received the academic preparation required 
for success when they later advanced to AP courses (Walker & Pearsall, 2012). As described 
previously, the mixed methods study by Hallett & Venegas (2011) of highly-motivated, college-
bound, low SES high school graduates investigated the quality of AP experience from students’ 
perspectives. This study was based on a funds of knowledge theoretical framework, described by 
Stanton-Salazar (1997) as a reservoir of knowing what students must possess to successfully 
navigate complex systems. Hallett and Venegas (2011) applied this framework to the skills, 
connections, and knowledge high school students need to successfully transition to college. This 
study reported a low-quality AP experience, in part because students felt they were unprepared 
for AP coursework and unprepared for AP Exams during AP courses (Hallett & Venegas, 2011). 
Recall Judson and Hobson’s (2015) robust analysis of national data from 1996-2012 that 





enrollment over the study period. The authors explained students were sometimes limited in 
course selection options in schools where only AP and regular course offerings existed for a 
content area, possibly resulting in an increase of unprepared students in AP courses due to a 
limited supply of other course options for high-ability students (Judson & Hobson, 2015). 
Furthermore, speculating about causes of the declining AP Exam pass rate and increasing low-
end AP Exam scores, Judson and Hobson proposed that as more students are encouraged to 
enroll in AP courses, students’ average level of preparedness and skills required for AP 
coursework have declined. Additionally, teachers and administrators may perceive the purpose 
of AP courses as shifting more toward an experience of college-level coursework and away from 
earning passing scores on AP Exams (Judson & Hobson, 2015).  
Collectively, studies related to student preparedness for AP courses demonstrate evidence 
of decreasing levels of preparedness for AP coursework. This under-preparedness is perhaps 
rooted in early ability-tracking practices which stream some students in low-level, less rigorous 
courses, which may result in students who later move up to AP courses being less prepared than 
their peers who have been participating in more advanced academic courses prior to AP courses. 
Overall, the literature indicates microsystem factors, such as student self-efficacy, motivation, 
stress, and prior knowledge, influence student preparedness and opportunities for academic 
success for AP students, particularly those students who are new to advanced academic 
coursework.   
Summary 
 Since the 1990s, the purpose of the AP program has shifted from selectively admitting 
only top-performing students to providing all students, in particular historically underserved 





level factors of benefits of the AP program, access to AP courses, and success in AP courses 
interact with some students’ inadequate preparation for AP coursework and influence their lack 
of success in AP courses (Cisneros et al., 2014; Judson & Hobson, 2015; McBride-Davis et al., 
2015). Various federal, state, and local policies implemented in the late 1990s and thereafter 
were designed to improve access to AP courses for traditionally underserved students (Klugman, 
2013; Judson & Hobson, 2015; Parker et al., 2013; Rowland & Shircliffe, 2016); however, 
implementing these exosystem policies may have produced unintended consequences (Klugman, 
2013; Rowland & Shircliffe, 2016). At AP students’ mesosystem, several characteristics of 
schools’ AP Programs and AP teachers have interacted with student preparedness and success in 
AP courses: school characteristics that support or hinder AP access and performance, AP teacher 
background, and AP teacher practices. Among important microsystem factors that influence 
student preparedness and success in AP courses are student motivation to enroll in AP courses, 
student attitudinal factors (e.g., achievement motivation, self-efficacy, and self-determination), 
influences from family and peers, and student prior knowledge.  
The literature discussed in this review indicates a need for better understanding of student 
preparedness for AP coursework and factors that influence students’ success and challenges in 
AP courses. Accordingly, the needs assessment collected and analyzed existing data in one 
district to determine if the national trends in AP enrollment and success are also indicated in the 
context under investigation. Additionally, a qualitative investigation of AP teachers’ perceptions 
of their students’ preparedness to be successful in AP coursework, particularly in terms of self-
efficacy, motivation, and prior knowledge, was helpful to identify to what extent these factors 
exist in the context under investigation. Extending this qualitative analysis to gather information 





courses, as well as instructional practices AP teachers perceive as enhancing or inhibiting student 
success in AP courses, facilitated a holistic understanding of student preparedness for AP courses 









Chapter 2: Empirical Examination of the Problem of Practice and Underlying Causes 
 This study was designed to investigate underlying causes and factors associated with 
student preparedness for Advanced Placement (AP) courses and associated student success in AP 
courses. First, this chapter will explain the purpose of the study. Next, the research questions of 
the study will be presented, followed by a detailed description of the procedures. Finally, a 
description of data and summary of results will be presented, laying the foundation for further 
investigation into the underlying causes and factors that influence student preparedness for AP 
courses and student success in AP courses.  
Context of the Study 
 The context of this study was a county-wide school district in an east coast state that 
serves more than 113,000 students. The district was large (i.e., 682 square miles) and diverse, in 
terms of socioeconomic status (SES), race, and urbanicity. Regarding the district’s diversity, the 
district was comprised of 44% of students qualifying for free and reduced-price meals, 13% of 
students receiving special education services, and 7% of students who are English language 
learners. The racial composition of students was 39% Black, 37% White, 11% Hispanic, 7% 
Asian, 5% two or more races, and 1% classified as other. Various communities in this school 
district were classified as urban, suburban, and rural. Table 2.1 compares demographic 
characteristics of the county under investigation to those of national, state, and other sample 
counties in the state using 5-year data profiles (2013-2017) obtained from the United States 






Table 2.1  
National, State, and County Demographic Comparisons From 5-year (2013-2017) Data Profiles 
 Race (%)a  SES ($)  Urbanicityb 









 Urban Rural 
United  
States 
61.5 12.3 17.6 5.3 0.7 2.5    57,652  80.7 19.3 
State 51.9 29.3 9.6 6.2 0.2 2.9    78,916  87.2 12.8 
County Ac   58.7 27.5 5.1 5.9 0.2 2.4    71,810  93.5 6.5 
County B 96.6 0.6 1.1 0.4 0.1 1.3    48,174  16.1 83.9 
County C 45.0 17.6 19.0 14.7 0.1 3.6  103,178  97.6 2.4 
County D 13.3 62.3 17.4 4.3 0.2 2.4    78,607  98.0 2.0 
aPercents may not add up to 100% because of rounding 
bPercent of total population in 2010 
cThe county under investigation 
Purpose of the Study 
Enrollment in AP courses has increased substantially from 1992-2012, and during that 
time, AP success (i.e., the portion of students earning passing scores on AP exams) has 
decreased (Judson & Hobson, 2015). AP students may continue to experience this recognized 
trend of decreased outcomes in AP courses unless the field improves its understanding of factors 
related to student preparedness and success in AP courses (Cisneros et al., 2014; Judson & 
Hobson, 2015; Klugman, 2013; Kolluri, 2018; McBride-Davis et al., 2015). The needs 
assessment provided an understanding of AP enrollment and AP exam scores throughout a large, 
diverse east coast state school district. Informal interviews were conducted with five AP teachers 
and two principals at five schools throughout the district to gain insight into AP teachers’ and 





existence of the problem in the professional context being investigated. The needs assessment 
was designed to expand upon the perspectives of those participants and more deeply understand 
factors related to student preparedness and success in AP courses. This empirical study 
established to what extent decreasing preparedness for AP courses (Kolluri, 2018) and AP 
outcome trends described in other contexts (Cisneros et al., 2014; Judson & Hobson, 2015; 
Klugman, 2013; McBride-Davis et al., 2015) also exist in the school district under investigation. 
Additionally, this study was intended to gain insights into AP teachers’ and school 
administrators’ perceptions of their AP students’ ability to be successful in AP courses, 
specifically in terms of self-efficacy, motivation, and prior knowledge. To gain understanding of 
factors affecting AP students’ preparedness and success in AP courses, this study investigated 
how AP teachers and school administrators described AP teachers’ professional preparation to 
teach AP courses and the instructional practices teachers and administrators perceived as 
enhancing or inhibiting student preparedness and success in AP courses.  
Research Questions  
Answers to these research questions for this needs assessment helped describe the factors 
related to student preparedness for success in AP courses, specifically in the five diverse schools 
within the school district under investigation: 
1. How has overall AP enrollment changed annually from the 2014-2015 school year to 
the 2016-2017 school year?   
2. How have AP exam scores changed annually from the 2014-2015 school year to the 
2016-2017 school year? 
3. What are AP teachers’ and principals’ perceptions of their students’ ability to be 





4. How do AP teachers and principals describe their professional development 
preparation for teaching AP courses?  
5. What instructional actions have teachers taken to address student success in AP 
coursework? 
6.   To what degree are AP teachers in different content areas similarly prepared to  
      provide effective instruction for success in AP courses?  
 This multi-methods study investigated factors related to student preparedness and success 
in AP courses. This investigation identified factors in the context that contribute to student 
preparedness for success in AP courses, including student prior knowledge, student self-efficacy, 
influences from students’ family and peers, student motivation, teachers’ instructional practices, 
and teacher capacity to effectively teach AP students. This study increased understanding of how 
these student and teacher-level factors may interact with student success in AP courses. Success, 
in this context, may include AP exam scores, AP course grades, other academic benefits (e.g., 
improved learning strategies), and non-academic benefits (e.g., improved peer relationships). 
This study also documented teachers’ and school administrators’ perceptions of local, state, and 
federal policies aimed at increasing access to rigorous AP courses for all students, and how those 
policies may interact with their students’ preparation and success in AP courses. Additionally, 
this study provided an analysis and description of the districts’ AP enrollment and AP exam 
scores from 2014 to 2017. Improved understandings of these factors and how they relate to the 
problem of practice can inform future initiatives to optimally prepare AP teachers to better 
support students for success in AP courses.  







 This section will first describe an overview of the research design of this multi-method 
study. The quantitative component of this study analyzed existing data of AP enrollment and AP 
exam scores from 2014 to 2017 from each of five high schools within the school district being 
investigated. Semi-structured interviews were conducted with AP teachers and school principals 
at the same five high schools to provide qualitative data for this study. This section will then 
include descriptions of the participants, measures and instrumentation, and procedures for this 
study. A research summary plan matrix is presented in Appendix A.  
Research Design 
The unit of analysis for this study was individual. AP teachers and school administrators 
of schools with AP programs comprised the participants in this study. The scope of the 
qualitative component of this study included one AP teacher from each of five high schools with 
diverse enrollment profiles and one school administrator from each of two high schools in the 
district. These participants were selected from five schools that have a range of success and 
robustness of their AP programs according to their publicly available state department of 
education school report card profile. Qualitative methods for this study included semi-structured 
interviews with the five AP teachers and two school administrators.  
The quantitative component of this study included an analysis of existing AP enrollment 
data and AP exam results for the three school years (i.e., 2014-2015, 2015-2016, and 2016-2017) 
for the same five schools within the district where interviews were conducted with AP teachers 
and administrators. The AP enrollment data included both the number of students enrolled in at 
least one AP course and the sum of AP enrollment per school, which accounts for some students 





enrollments). For each of the five schools under investigation, the AP exam data included the 
total number of AP exams taken and the AP exam score distributions. Collectively, this 
investigation gathered information and perceptions that inform a picture of factors influencing 
student preparedness and success in AP courses in the district under investigation.  
Sample and participants. The quantitative analysis of this investigation was conducted 
on existing data provided by the district. AP enrollments (i.e., the number of students enrolled in 
AP courses each school year and the sum of all AP enrollment per school) were analyzed for 
three consecutive school years; 2014-2015, 2015-2016, and 2016-2017 to describe changes in 
AP enrollment over the three school years. Additionally, the number of AP exams taken each 
year per school and the AP exam scores (i.e., 1, 2, 3, 4, 5, with 5 representing the highest 
possible score) were analyzed to describe changes in AP success on AP exams over the same 
three school years.  
Participants in the qualitative analysis included five AP teachers who had at least five 
years of experience teaching an AP course from five diverse—in terms of the schools’ robustness 
and success of their AP program—high schools. Two additional participants, school 
administrators who had at least three years of experience as principal of their school—which has 
maintained a continually operating AP Program for at least 10 years—were included in this 
analysis because their role as school leaders offered holistic perspectives of the role, success, and 
limitations of the AP program at their schools. The five high schools were strategically selected 
using purposive sampling (Lochmiller & Lester, 2017) to represent a range of academic profiles 
according to their publicly available state department of education report cards (Table 2.2). The 







School Ranking Measures Compared to State Means, According to the State Department of 
Education Report Card Profiles 
School Overall ranking  
relative to state mean 
Academic achievement ranking 
relative to state mean 
School A -10% -12% 
School B +10% +18% 
School C   -6% -16% 
School D   -3%   -9% 
School E +15% +20% 
 
which were indicated on their schools’ publicly available staff directory. The five AP teachers 
and two school administrators were selected because they possessed perspectives which could 
inform the underlying causes and factors related to student preparedness and success in AP 
courses. The range of content areas taught and years of experience for all participants is 


















experience as a 
school 
administrator 
A Teacher Spanish 14 16 NA 
B Teacher Biology   7 10 NA 
C Teacher Environmental 
Science 
 
10 17 NA 
D Teacher World History 10 21 NA 
E Teacher English 11 22 NA 
F Principal NA NA 21 8 





 The quantitative data in this investigation described AP enrollment and AP success (i.e., 
AP exam scores) from the three school years between 2014 to 2017 from five schools selected 
using stratified sampling (Lochmiller & Lester, 2017). These quantitative data were assumed to 
represent state-wide trends in AP enrollment and AP success. The quantitative data may be 
generalizable to the state level, considering Maryland has only 24 school districts; however, 
generalizability may be limited because those 24 districts vary demographically, as shown in 
Table 6. Due to various state policies regarding AP access, incentives, and enrollment, 
generalizability of these quantitative data beyond the state level is not practical. The qualitative 
data obtained from the seven participants was collected to represent perspectives of AP teachers 
and administrators in the district under investigation. However, generalizing participant 
perspectives related to preparedness and success in AP courses to the district level may be 
limited because seven participants may not reflect the perspectives of all AP teachers and 
administrators throughout the large district.  
 Measures and instrumentation. This section describes the quantitative measure of 
existing AP enrollment and AP exam score data for the district and then the qualitative measure 
of semi-structured interviews. The constructs that were measured, construct definitions, and how 
constructs were operationalized are included in the descriptions of measures. 
 AP enrollment and AP exam scores data. Existing district data included two measures of 
AP enrollment and AP exam scores. The two AP enrollment variables are defined as the number 
of students enrolled in at least one AP course and the total number of enrolled seats in AP 
courses; for example, a student enrolled in two AP courses contributed two enrollments 
(Klugman, 2013). AP exam scores are an ordinal level, whole number variable ranging from the 





statistics and Chi Square tests were used to analyze existing AP enrollment and AP exam scores 
for each of the three years—by school and compositely for all five schools investigated—to 
describe the trends in AP participation and success in AP courses over the study period in the 
district under investigation, addressing the first two research questions.   
Semi-structured interview data. Researcher-created semi-structured interview questions 
were used to attend to the final four research questions through the perceptions of experienced 
AP teachers (Appendix B) and school administrators (Appendix C) who oversee AP programs. 
The semi-structured interviews also provided insight into the AP enrollment and AP exam score 
changes over time. In attempts to achieve credibility and dependability of the qualitative strand 
of the study, the interviews were piloted (Lochmiller & Lester, 2017) with two AP teachers and 
cognitive interviews (Desimone & Le Floch, 2004) were conducted. The following constructs are 
defined and operationalized in this section, as they serve as a priori codes: student self-efficacy, 
student self-determination, student achievement motivation, student prior knowledge, AP teacher 
background, and AP teacher instructional practices.  
Perceptions of AP teachers and school administrators were analyzed following semi-
structured interviews to gain an understanding of students’ perceived ability and preparedness for 
AP coursework. Student self-efficacy is students’ belief in themselves that they can achieve well 
academically (Bryan et al., 2011). Student self-efficacy may influence whether students enroll in 
AP courses and their eventual success in the AP course. Student self-determination refers to 
students’ perceptions of the control they possess over their own learning (Bryan et al., 2011). 
Self-determination may interact with academic outcomes of AP courses for students. Student 
achievement motivation is the internal drive that begins, directs, and maintains goal-oriented 





students’ decision to enroll in AP courses and the success they achieve in AP courses. Student 
prior knowledge refers to the content-specific understanding a student possesses when entering 
an AP course (National Research Council, 2002). Student prior knowledge may be an important 
component of student preparedness for AP coursework and may influence success in AP courses. 
AP teacher background describes the training, qualifications, knowledge, and preparation a 
teacher possesses to instruct an AP course (Milewski, 2002). The professional background of AP 
teachers may influence their capacity to effectively instruct AP courses and prepare students for 
success in their AP course. Teacher practices include any pedagogical and instructional methods 
and strategies used in teaching a class (Fischer et al., 2018a). Instructional practices used by AP 
teachers may interact with how well students are prepared for success in AP courses. Innovative 
instructional practices that shift away from teacher-centered lessons and toward student-centered 
lessons may influence AP student experiences and AP success, such as flipped classroom models 
(Schultz et al., 2014), project-based lessons (Parker et al., 2013), inquiry-based science lesson 
(Fischer et al., 2018a), and cross-curricular strategies (Flores & Gomez, 2011). Collectively, an 
analysis of these defined and operationalized constructs contributed to an improved 
understanding of factors related to student preparedness and success in AP courses in the 
particular context.  
Sample questions from the semi-structured interviews are provided in Table 2.4. A full 
list of semi-structured interview questions for AP teachers and school administrators is provided 
in Appendices B and C, respectively. The appendices include follow-up and probing questions 









Table 2.4   
Sample Semi-Structured Interview Questions for AP Teachers and School Administrators 
Target participants Sample semi-structured interview questions 
AP teachers with more 
than five years of 
experience teaching an AP 
course 
Over time, what, if any, changes have you noticed changes in 
the academic preparedness of students in your AP courses? 
 
What have you noticed about the characteristics of students who 
are successful in your school’s AP courses or characteristics of 
students who are unsuccessful?  
 




School administrators who 
oversee an AP Program 
 
 
How do you feel about efforts to increase AP enrollment? 
 
What training or background do you feel is important for AP 
teachers to be successful? 
 
How does student preparedness for AP courses now compare to 
student preparedness 10 years ago?  
 
 This study investigated the interaction between the microsystem factors described above 
and student preparedness and success in AP courses. Sample interview questions that were 
intended to provide teacher and school administrator perspectives are presented in Table 9. The 
questions presented in Table 2.5 were open-ended to minimize bias but were followed up with 
probing questions to more directly access perspectives of each construct. Notably, there are 
additional factors that may influence student preparedness and success in AP courses that are not 
measured in this study. These factors include influences of family and peers on AP students and 
certain school infrastructure characteristics that may influence student preparation for AP 
courses and teacher capacity to instruct AP courses (i.e., school size, class size, and teachers’ 








Table 2.5  
Sample Semi-Structured Interview Questions Intended to Address Each Construct  




What skills or characteristics do you think are essential for student 




What preparation or prior coursework do students in your AP course 





In teaching your AP course, what training has best supported you to 




What components have you added to your AP courses over the years 
to support student success?   
Procedure. This section will first describe the data collection methods for obtaining 
existing data and qualitative data. Then, the data analysis methods will be presented.  
Data collection methods. The quantitative analysis of this investigation was conducted 
on existing data obtained from the school district’s data warehouse with the approval of the 
district institutional review board (IRB). AP enrollment data and AP exam scores were requested 
for three years, which is the maximum number of years allowed by the district IRB. Although 
data from nonconsecutive years may better describe trends in AP enrollment and AP exam scores 
over time, only data from three consecutive years was available.  
To collect qualitative data, recruitment emails (Appendix D) were directly sent to AP 
teachers at each high school; teacher email addresses were obtained from school websites. From 
the pool of AP teachers who volunteered to participate, experienced AP teachers (i.e., more than 
five years of teaching an AP course) were strategically selected to represent various content 
areas. Recruitment emails (Appendix E) were also directly sent to two school principals at 





overall response rate to recruitment emails was 42%. Appropriate cautions and safeguards were 
implemented to ensure the privacy and protections of all participants. Semi-structured interviews 
lasted between 45-60 minutes and were conducted in person at each participant’s place of 
employment. Semi-structured interviews were audio-recorded and transcribed using Otter.ai 
speech to text software; handwritten notes were taken, scanned into electronic documents, and 
the paper handwritten notes were destroyed. All electronic documents (i.e., AP enrollment data, 
AP success data, scanned interview notes, interview audio files, and interview transcripts) were 
stored on a password-protected computer that only the researcher has access to; all electronic 
data documents will be deleted in seven years.  
 Data analysis. The existing quantitative data were described and then analyzed using Chi 
Square tests to indicate changes in AP enrollment and AP exam scores over the three years 
studied. To investigate the change in AP enrollment and the number of AP exams taken over the 
three years studied at the five schools, four variables were compared across the schools and 
years: (a) number of students enrolled in at least one AP course, (b) the sum of AP enrollment 
(i.e., seats) for all classes, (c) the number of AP exams taken, and (d) the total school enrollment. 
The total school enrollment data were used to determine to what degree the growth or decline of 
AP enrollment and AP exams taken could be attributed to changes in the schools’ overall 
enrollment. To investigate the change in AP success, as measured by AP exam scores, the 
distribution of AP exams scores was analyzed at the school level. The AP exam pass rate was 
determined by dividing the number of AP exams on which students scored a 3, 4, or 5 by the 
total number of AP exams taken. Comparisons of changes in AP enrollment and AP exam scores 
were described for each of the five schools and Chi Square tests indicated changes to AP 





The analysis of the interview data began with organizing the data and deidentifying the 
transcripts. Then, descriptive coding was applied to the transcripts (Miles, Huberman, & 
Saldaña, 2014). The initial round of data analysis involved deductive coding, as suggested by 
Miles, Huberman, and Saldaña, (2014), and included a priori codes derived from the conceptual 
framework and literature review for motivation, self-efficacy, background knowledge, PD, and 
teacher practices. Additional codes emerged from the data (i.e., inductive coding) upon multiple 
cycles of coding, which included open access, recruit students, lower level classes, college 
admissions, unintended consequences, minimal emphasis, access misconception, varying skill 
levels, varying academic experiences, teachers’ mindsets, teaching introductory courses, 
studying strategies, negative experiences, isolation, vertical teaming, APSI, APTC, PLC, positive 
deviants, inquiry-based learning, and focused immediate preparation. The complete codebook is 
presented in Appendix F. Following immersion in the data (i.e., repeated reading and coding 
cycles; Braun & Clarke, 2006), codes were refined and analysis revealed themes (i.e., 
commonalities across codes). The codes and themes presented in Appendix F were checked for 
credibility through peer scrutiny, as suggested by Shenton (2004). Finally, connections were 
drawn between themes and the research questions to develop the key findings of the qualitative 
component of this study and better understand factors that influence student preparedness for AP 
courses and student success in AP courses. 
Findings and Discussion 
This section will explain the results obtained from the needs assessment and discuss the 
implications of these findings as pertaining to the research questions. First, key findings from the 





and discussion of the qualitative semi-structured interviews. Finally, a summary of the results 
will be presented and limitations of the study will be acknowledged.  
Key Findings From the AP Enrollment and AP Exam Score Data  
This section first presents descriptive statistics for AP enrollment and AP exam scores 
from 2014-2017 as a composite of the five schools investigated, as well as individually for each 
school. Then, the percent change of AP enrollment (composite and individual schools) will be 
discussed to address the first research question: How has overall AP enrollment changed 
annually from the 2014-2015 school year to the 2016-2017 school year? Finally, the change in 
AP exam pass rates (composite and individual schools) will be discussed to address the second 
research question: How have AP exam scores changed annually from the 2014-2015 school year 
to the 2016-2017 school year? 
Descriptive statistics of AP enrollment. This section describes the AP enrollment in the 
five high schools investigated from 2014 to 2017. The variables indicating AP enrollment are 
presented in Table 2.6 and include the number of students enrolled in at least one AP course, the 
sum of AP enrollment for all classes, the number of AP exams taken, the percent of students 
enrolled in at least one AP course, and the total school enrollment as of 2018, as a reference of 
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enrolled in at least 
one AP course 
Sum of AP 
enrollment for 
all classes 









   991 
1,005 





















































   356 
   384 
   319 
 
  291 
  321 
















   460 
   492 
    548 
 
  299 
  310 
























As shown in Table 2.6, the five schools varied in measures of AP enrollment during the 
three years studied. Further, one school (school A) showed a decrease in AP enrollment, two 
schools (Schools B and C) showed no clear pattern of AP enrollment, and two schools (Schools 
D and E) showed a general increase in AP enrollment. Further, the percent of students enrolled in 
at least one AP course varied considerably among the five schools, with schools B and D having 
enrolled greater percentages of students in AP courses than schools A, C, and E.  
Table 2.7 shows AP enrollment measures as a composite for all five high schools 
combined. The variables indicating AP enrollment include the number of students enrolled in at 
least one AP course, the sum of AP enrollment for all classes, the number of AP exams taken, 
the number of AP exams taken per student enrolled in the school, and the total enrollment of the 
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enrolled in at 
least one AP 
course 
Sum of AP 
enrollment for 




2014-2015 7,191 2,049 28.5 4,663 3,876 
2015-2016 7,292  2,215 30.4 5,035  4,097  
2016-2017 7,120  2,228 31.3 5,113  3,939  
 As indicated in Table 2.7, the number of students enrolled in at least one AP course and 
the sum of AP enrollment for all classes increased incrementally over the three years. 
Fluctuations in the number of AP exams taken, the number of AP exams taken per student 
enrolled in the school, and the schools’ total enrollment were observed over the three years. The 
extent to which these changes in AP enrollment were measured are analyzed following the 
presentation of AP exam score data.  
Descriptive statistics of AP exam scores. This section describes the number of AP 
exams taken and the number of AP exams passed from AP exams taken in 2015, 2016, and 2017. 







Number of AP Exams Taken and Passed in all Five Schools per Year  




































































aPassing scores on AP exams are ≥ 3 on a 1 to 5 scale 
 As shown in Table 2.8, the five schools varied in the number of AP exams taken and 
passed. Schools B and E took and passed more AP exams than Schools A, C, and D.  
 Table 2.9 describes the number of AP exams taken and the number of AP exams passed 
from AP exams taken in 2015, 2016, and 2017 as a composite of all five schools investigated.  
Table 2.9 
Composite Number of AP Exams Taken and Passed  
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           4,097 











 As shown in Table 2.9, the number of AP exams taken increased from year one to year 
two, but decreased from year two to year three. The number of AP exams passed followed the 
same pattern. The potential of total school enrollment moderating these variables will be 
discussed later.  
Change in AP enrollment from 2014 to 2017. This section discusses the magnitude of 
AP enrollment change over the three-year study period in the five schools individually and 
compositely. Data is analyzed using the percent change of several measures of AP enrollment 
growth or decline, of which the sum of AP enrollment for all classes—arguably the most direct 
measure—is analyzed using a Chi Square test to indicate the overall change in AP enrollment in 
the district.  
 Table 2.10 presents the percent change in AP enrollment from the previous year by 
school. The variables presented in Table 2.10 include the percent change of: the number of 
students enrolled in at least one AP course, the sum of AP enrollment for all classes, and the 
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As shown in Table 2.10, individual schools varied in the magnitude in which their AP 
enrollments increased or decreased. School A demonstrated a general decline in AP enrollment 
over the three years. Schools B and C increased AP enrollment from year one to year two, but 
then decreased AP enrollment from year two to year three.  School E—and to a lesser extent 
School D—increased AP enrollment over the three years, as indicated by the percent changes in 
AP enrollment measures.  
Table 2.11 presents measures of growth or decline of AP enrollment as a composite for 
all five schools. The percent change from the previous year is indicated for: the total school 





for all classes, and the number of AP exams taken. The number of AP exams taken per student 
enrolled in the school serves as an additional measure of AP enrollment change.  
Table 2.11 
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7,191 - - - - 0.54 
2015-
2016 
7,292 +1.4% +2.3% +5.2% +3.1% 0.56 
2016-
2017 
7,120 -2.4% +0.2% +1.1% -2.2% 0.55 
 
Table 2.11 demonstrates AP program growth or decline over the study period for all five 
high schools combined. The number of students enrolled in at least one AP course increased by 
2.3% from the first to second year of the study and 0.2% from the second to third year of the 
study. The total enrollment for all AP courses increased by 5.2% from the first to second year of 
the study and by 1.1% from the second to third year of the study. Although the number of AP 
exams taken increased by 3.1% from the first to second year of the study, AP exam taking 
decreased by 2.2% from the second to third year of the study. The number of AP exams taken 
per student in the school increased after year one. The overall growth in the AP program in the 
school district is suggested by the general increases in measures of AP enrollment growth shown 





Table 2.7 shows the sum of AP enrollment for all classes—perhaps the most direct 
measure of AP enrollment—increased from 2014-2015 (N = 4,663) to 2015-2016 (N = 5,035) to 
2016-2017 (N = 5,113) for the five schools under study. The number of global AP exam test 
takers increased by 5.14% from the first to second year of the study and by an additional 4.99% 
from the second to third year of the study (College Board, 2018). Using those global increases in 
AP exam takers to predict the increase in AP enrollment for all classes in the five schools 
investigated, Chi Square analysis indicated AP enrollment in the five schools increased 
significantly more than expected over the study period, (X2 [1, N = 5,113] = 9.23, p = .0024. 
Collectively, these findings addressed the first research question: Despite only analyzing three 
consecutive years of AP enrollment data, the number of students enrolled in AP courses from 
2014 to 2017 increased substantially in the district.  
Change in AP exam pass rate from 2015 to 2017. This section analyzes two measures 
of AP exam scores, AP exam pass rate and mean AP exam score, from AP exams taken in 2015, 







AP Exam Success in all Five Schools per Year  


































































The AP exam pass rate for each school per year was determined by dividing the number 
of AP exams passed by the total number of AP exams taken. This measure of AP success shown 
in Table 2.12 did not statistically change over the three years studied for School B (X2 [1, N = 
1,905] = 0.38, p = .54), School C (X2 [1, N = 321] = 2.74, p = .10), School D (X2 [1, N = 310] = 
0.48 , p = .49), nor School E (X2 [1, N = 1,433] = 0.05, p = .82). However, School A, 
demonstrated a significant decrease in its pass rate over the study period (X2 [1, N = 193] = 
11.37, p < .001). Another measure of AP exam success, school’s mean AP exam score, was 
calculated from the AP exam score distribution per school per year. As with the AP exam pass 
rate, only School A demonstrated a decrease in its mean AP exam score over the three years, 
whereas the other four schools’ mean AP exam score held relatively constant over the study 





performance (School A) was also the only school that demonstrated a decrease in AP enrollment, 
as previously described. 
Table 2.12 indicates differences in performance on AP exams among schools. For 
example, schools B and E had AP exam pass rates that ranged from 78.4% to 83.4%, whereas 
AP exam pass rates ranged from 15.5% to 37.1% for schools A, C, and D. Similarly, schools B 
and E had a relatively high range of mean AP exam scores (3.45 to 3.67) compared to schools A, 
C, and D (1.63 to 2.22). These performance differences between schools are not surprising 
considering the diverse range of academic profiles of the five schools according to their 2017-
2018 state department of education report card profiles. Nonetheless, the relatively low AP exam 
pass rates in some schools indicates a need to better prepare and support AP students and 
teachers for success.  
 Table 2.13 shows two measures of AP exam success—AP exam pass rate and mean AP 
exam scores—compositely for the five schools by year.  
Table 2.13 
AP Exam Success in all Five Schools per Year  












Despite a decrease in AP exam scores during the three years, the AP exam pass rates 
shown in Table 2.13 were not statistically different in the five representative high schools for the 
district, X2 (1, N = 4,097) = 0.73, p = .39. Likewise, the mean AP exam scores for all five schools 





addressed the second research question: Perhaps due to the limitation of only analyzing three 
consecutive years of data, there was no evidence to indicate AP exam scores have significantly 
decreased in the district under study. Further, the relatively high pass rates in Schools B and E 
may have masked the lower pass rates in Schools A, C, and D; this may have concealed the need 
for enhanced supports for AP teachers in some schools to better prepare AP students for success.  
The global pass rate for AP exams for each of the three years studied was 58.0% (College 
Board, 2018). Comparing that global pass rate to the AP exam pass rates for the district under 
study indicated the district scored higher on AP exams than the entire AP population over the 
three years (X2 [1, N = 4,097] = 393, p < .001).  
Table 2.14 aligns measures of AP exam performance (i.e., AP exam pass rate and mean 
AP exam score) with measures of AP enrollment (i.e., percent of students enrolled in at least one 
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Table 2.14 indicates that the schools with higher AP enrollment measures also 
demonstrate relatively high measures of AP exam performance. This relationship raises 
questions about the levels of supports provided for AP students and teachers among the schools, 
and the levels of pressure to enroll and succeed in AP courses among the schools, which are 
examined through qualitative measures. 
Key Observations and Discussion From the Qualitative Analysis  
 The interviews conducted with AP teachers and principals allowed for a deeper 
investigation into the research questions. This section will discuss the themes and codes that 





for aligned examples), as pertaining to the research questions. This section is organized by six 
themes: efforts to increase AP enrollment, AP exam pass rates, differences in students’ prior 







Final Themes, Codes, and Definitions From the Qualitative Analysis  




Recruit students An active effort by schools and teachers to encourage increasing 
numbers of students to enroll in AP courses 
Open access A school action of removing prerequisites for AP courses as part of 
efforts to increase AP enrollment 
Lower-level classes Standard and honors level courses, as opposed to the advanced academic 
track, gifted and talented (GT) 
College admissions The ways that the college admissions process influences student 
enrollment in AP courses 
Unintended consequences Unforeseen negative side effects of efforts to increase AP enrollment 
AP exam pass 
rates 
Minimal emphasis The relatively low level of importance placed on AP exam pass rates 
compared to increasing AP enrollment 
Access misconception A prevalent misconception in schools that mere exposure to AP courses 




Varying skill levels The diverse range of academic skills demonstrated by AP students 
Varying academic 
experiences 
The diverse educational history experienced by AP students 
Teachers’ mindset  
(regarding differences in 
student prior knowledge) 




Skills students may apply to improve success on disciplinary assessments 
Teaching introductory 
courses 
Opportunity to groom students for AP because the teacher knows what 
skills and knowledge are needed for AP 
Studying strategies Skills and techniques students apply to enhancing learning, memory, and 
transfer 
Collaboration Negative experiences Previous ineffective collaboration with colleagues 
Isolation The sense of having limited collaboration opportunities due to being the 
only content-specific AP teacher in a school 
Vertical teaming Collaboration among teachers of various grade levels, which can align 
content, expectations, skills, and knowledge for students as they progress 




Summer Institute (APSI) 
A week-long, intensive summer training program sponsored by the 





An online resource available to all AP teachers, which provides 




A group of educators who collaborate regularly to share expertise and 
work to improve teaching skills and student outcomes 
Positive deviants AP teachers whose behaviors result in substantially better outcomes 
compared to similar peers 
Instructional 
strategies 
Inquiry-based learning A form of student-centered, active learning in which students often pose 
questions, solve problems, and construct their own learning (e.g., 
project-based lessons and flipped lessons) 
Focused immediate 
preparation 
Summer training programs designed to prepare incoming AP students for 





 Efforts to increase AP enrollment. All seven participants described efforts in their 
school to increase AP enrollment during their tenure as an AP teacher or administrator. A code 
that emerged in this theme is student recruitment, which is an active effort by schools and 
teachers to encourage increasing numbers of students to enroll in AP courses. Participants 
described causes, mechanisms, benefits, and drawbacks of escalating recruitment efforts in 
recent years. Principal F framed a major cause of the impetus to begin recruiting students to the 
AP Program to increase enrollment:  
When I was assistant principal, at one point, about 2007, the superintendent made an 
edict, every high school in [the district] would offer at least 13 AP course offerings. And 
so for the school that I was in at the time, that was not the case. So we ended up, you 
know, putting these courses out there that we had not previously offered, trying to get 
teachers ready to deliver them, and then also trying to convince, you know, the school to 
push enrollment. 
Teacher C explained these recruitment efforts are not equal across all content areas: “We have 
tried to increase enrollment in AP classes, some more than others.” Teacher B described the 
mechanisms of recruiting students: “There has been a big push to increase enrollment. We go 
around, talk to students, talk to classes of all levels, send information home to parents.” Principal 
F proudly explained their school’s accomplishment in this area: “Our goal is to increase 
access…over the past five years, we’ve increased the number of test takers and tests given.” 
Despite being willing to actively recruit students, some AP teachers held reservations regarding 
those efforts: “We strongly encourage these kids to take AP classes, even though they quite 
weren’t [sic] ready for the class” (Teacher A). Teacher D shared a similar notion regarding 
recruiting students: 
I started with one section, and I worked my way up to two sections. And I'm trying to 
recruit kids from all levels. And, you know, going through that diversity piece, and I don't 
know if we've really hit the mark on that. But I see a difference in the kids that I'm kind 
of recruiting, you know, they need...something. But I kind of thought it was important to 
make all the kids that take either living systems, or back then bio, feel welcome to try to 





All participants spoke to recent efforts in their school to increase AP enrollment; however, while 
acknowledging the likely value of bringing more students into the AP Program, some teachers 
describe some drawbacks that may be associated with recruiting students—notably less prepared 
students. Some participants offered insight into school policy adjustments that allowed more 
students to enter AP courses.  
 In the early 2000s, many schools in the district had prerequisites for students to enter AP 
courses. However, apparently corresponding with the superintendent’s 2007 edict (Principal F), 
many schools removed prerequisites as a mechanism to bring more students into the AP 
Program, leading to the code, open access. Prerequisites described by teachers included GPA 
minimums and course-level thresholds (i.e., former standard and honors level students needed a 
teacher recommendation to enroll in an AP course, former GT [gifted and talented] students did 
not). For example, Teacher C explained that “years ago there were GPA requirements, no more.” 
Similarly, referring to their current AP course, Teacher B noted that “if any student wants to take 
it, they could.” The principals offered broad perspectives of the barriers and logistics of 
increased access: 
Because they were not in a GT class, they may not have the same level of access to the 
program. What we're finding is that eighth to ninth grade year is really an opportunity 
where we can identify some students who perhaps are going to be really pleased in that 
pipeline (Principal F).    
Principal G offered a similar perspective of limited opportunities for students to advance from 
their current academic track: 
There are not a lot of entry points that you tend to see through elementary and middle 
school. So, we really tried to kind of have a mindset of opening doors for kids who want 
to self-select in or getting a recommendation from the teacher. 
Collectively, AP teachers and principals discussed various mechanisms, such as eliminating 





advance academic tracks, have helped to open access to AP courses for students. This open 
access code has dovetailed well with the student recruitment code to increase AP enrollment. 
Still, four minor codes remain within the efforts to increase enrollment theme.  
 Several participants described the role of lower-level classes (i.e., standard and honors 
level courses, as opposed to the GT advanced academic track), the third code, in increasing AP 
enrollment. AP teachers explained that if increased numbers of students were expected in AP 
courses, the schools needed to extend their AP student pool beyond the GT academic track, as 
GT students typically matriculate in AP classes later in high school. For example, Teacher C 
explained how the AP teachers in their school “branched out to the standard teachers to get 
students who typically wouldn’t sign up for an AP course, and try to get them up to speed so 
they’re not super unprepared.” Similarly, Principal F described the role of lower-level classes in 
increasing AP enrollment from their administrative perspective: “We try to find students in 
lower-level classes who can be on an AP trajectory, regardless of their placement.” AP teachers 
and principals have reached out to lower-level classes in efforts to bolster AP enrollment, which 
may be related to students’ differential preparation for AP courses mentioned earlier, as indicated 
by Teacher E:  
We have the opt in program, so you could have never had a GT English class, and you 
can select AP. Which again sounds great, inclusive, we’re all for that, but again there is 
that gap [in prior knowledge] there. 
Teacher E touches on an a priori code, prior knowledge, that will be discussed in greater detail 
later, and indicates their school eagerly promotes equity and bringing students from lower-level 
classes to AP classes, while also being aware of potential differences in students’ prior 
knowledge that accompany such efforts.  
 While discussing factors related to increasing AP enrollment, several participants 





in the college admissions process in recent decades has influenced the number of students 
enrolling in AP courses. Teacher E pointed out that there is “a certain group of students [who] 
are choosing more AP classes, taking 4 or 5 AP, and that workload may contribute to a lack of 
success,” which brings up a theme discussed in greater detail later. Teacher E’s point that college 
admissions processes may have become increasingly challenging and demanding on students is 
echoed by Principal F, who describes many students enroll in several AP courses each year as 
they are “jockeying for position in class rank.” Extending this perspective, Principal F added that 
“a little over ten years ago, the College Board, really pushing into the system and pushing into 
the classroom [sic], and AP courses became so much more of a higher stakes thing for college 
acceptance.” Although most participants described college admissions processes as playing a 
role in increasing AP enrollment, Principal G offered a counter point: “[There is] competition 
between [college] credit that the student could possibly get through [the community college]; 
they can matriculate, you know, into post-secondary as well.” Dual-enrollment in community 
college offers an alternative way for high school students to earn college credits, and dual-
enrollment may dampen increases in AP enrollment. Nonetheless, the competitive college 
admissions process may be positively influencing AP enrollment.  
 A final code that emerged within the theme of increased AP enrollment is unintended 
consequences. Participants were supportive of increases in AP enrollment; however, most 
described undesirable consequences of increased AP enrollment. Principal F addressed a 
particular unintended consequence: “The academic profile of AP courses has shifted, that’s what 
we want to do…we want to shift all kids up a level. But we encountered problems [when] not 
everyone starts from the same spot.” Teacher B confirmed the results of a similar unintended 





gone up to an AP track and been successful.” This teacher indicated an unintended consequence 
of increased AP enrollment, and pointed to a need to better support AP students and teachers, 
particularly those students who do not have an advanced academic background. Principal F 
brought up an unintended consequence of increased AP enrollment from a broader school 
resources perspective:  
I had AP classes of 4 kids…that was unintended consequences of increasing 
enrollment…that was something very difficult to maintain...with our resources continuing 
to dwindle, regardless of access, seven kids in the class or not, is not sometimes the 
wisest use of resources.  
This principal explained that although increasing AP enrollment generally had positive effects 
for students and the school, being required to increase AP enrollment quickly, without adequate 
human, time, and financial resources, led to negative unintended consequences, such as reduced 
funding for other areas. In conclusion, five issues emerged from the data which have positively 
influenced AP enrollment: student recruitment, open access, lower-level classes, college 
admissions, and unintended consequences.  
 AP exam pass rates. All participants discussed AP exam pass rates as a measure of 
student success in AP classes. The two codes that emerged within this theme are minimal 
emphasis on AP exam pass rates and a prevalent access misconception regarding AP courses.  
Schools generally placed less importance on AP exam pass rates compared to schools’ 
emphasis on increasing AP enrollment, leading to the code, minimal emphasis on AP exam pass 
rates. When discussing the importance of AP exam pass rates for their students, AP teachers 
often described that there is “no pressure from administration” (Teacher B) on teachers to have 
their students perform well on the AP exam. This sentiment was reinforced by Principal F, who 
stated that “AP exam scores is not my priority.” Similarly, Teacher A pointed out that their 





been just about the enrollment numbers.” Additionally, Teacher C noted that “The best 
administrator I ever worked for said, yes, I know the score is important, but I also know the 
experience of taking the exam is valuable for our students.” The only participant who expressed 
any emphasis at all from administrators on AP exam pass rates was Teacher E, who explained 
that “The school wants the enrollment numbers, so we get high marks in that, but they also want 
the pass rate. It’s not like there is a punitive side to it, but there is a judgement.” Overall, most 
participants minimized the importance of students earning passing scores on the AP exam, and 
rather, described an emphasis on increasing AP enrollment, even at the potential detriment of AP 
exam scores. This notion of valuing AP enrollment over AP success underpins the second code 
that emerged, the access misconception regarding AP courses.  
 According to the majority of related literature, tangible benefits of AP courses are 
conferred only to students who are successful in AP courses, which can be demonstrated by 
passing the AP exam, but students who merely enroll in AP courses but do not pass AP exams do 
not reap most of the potential AP benefits (Ackerman et al., 2013; Evans, 2019; McKillip & 
Rawls, 2013; Morgan & Klaric, 2007; Smith et al., 2017). However, there is a consensus among 
AP teachers and principals that merely exposing students to AP courses will result in academic 
benefits for those students, leading to the code, access misconception regarding AP courses. Both 
principals interviewed expressed this misconception; Principal F described “For us, it really is an 
exposure to that rigor and to that type of thing.” Similarly, Principal G explained that “Our 
philosophy is really about the experience of the AP class.” AP teachers agreed: “Access to that 
kind of curriculum has had a positive effect on the overall achievement of those kids” (Teacher 
E), and “While they might not be like, A or B students, you know, they will benefit from taking a 





teachers and principals clearly value increasing access to and enrollment in AP courses over 
students demonstrating success in AP courses. While increasing access to AP courses is 
important, the belief expressed by AP teachers and principals that mere exposure to AP courses 
will better prepare students for the future is not supported in the literature. Thus, there is a need 
to address this misconception in schools and provide the supports needed for AP students and 
teachers to be better equipped to achieve success in AP courses.  
 Differences in students’ prior knowledge. All participants described differences in 
students’ prior knowledge as a factor influencing the success of AP students. Within this a priori 
theme of prior knowledge, several codes emerged: varying skill levels, varying academic 
experiences, teachers’ mindset (regarding differences in students’ prior knowledge), test-taking 
strategies, teaching early grade levels, and studying strategies.  
 Most AP teachers described their AP classes as having more diverse academic profiles 
now than in the past. AP teachers generally attributed this to increasing numbers of students 
entering their AP classes with varying skill levels (i.e., the diverse range of academic skills 
demonstrated by AP students). Teacher A described this phenomenon as: “This has kind of been 
the trend over the years, there's a lot of gaps in learning coming from the middle school and 
coming from early high school.” Teacher E also spoke to the increasingly diverse academic 
profile in their AP courses:  
A lot of them come in with varying ability levels, which was not the more traditional AP 
English classroom…for instance, we tested this year…scores ranged from 14-51 (out of 
55 MC) within one single class. That wasn’t the case several years ago. 
The specific abilities AP teachers perceived lacking in their students varied between content 
areas; for example, the AP Spanish teacher explained that “I didn't feel they had enough skills to 
be able to interpret and analyze authentic resources they were expected to know and complete on 





limiting factor for student success in their AP courses, no teacher spontaneously mentioned 
related a priori codes: self-efficacy, self-determination, and achievement motivation. Therefore, 
probing questions were asked, and no participants identified any of these constructs as a critical 
skill for students to be successful in their AP class. For example, when asked if motivation is 
essential for student success in their AP class, Teacher A replied that “having motivation and 
drive to do a good job can help, sometimes it's not enough.” Teacher D agreed: “It’s not 
motivation holding them back.” Therefore, according to the participants, the constructs of self-
efficacy, self-determination, and achievement motivation may be less important in student 
success in AP courses relative to varying ability levels of students in AP courses. These varied 
ability levels indicate a need for improved supports for AP students and teachers.  
 A related, but distinct, code emerged regarding differences in students’ prior knowledge, 
varying academic experiences, which describes the diverse educational history experienced by 
AP students. AP students who have differentially lower quality past academic experiences are 
likely to be at a disadvantage compared to their AP peers who have had the benefit for higher 
quality academic experiences. Teacher C summarized this limitation to success as, “They haven’t 
always gotten a good education that should make them ready” for AP courses. Teacher E 
described their AP students as having diverse academic experiences and subsequent negative 
consequences: “Students who are not coming from a GT background tend to struggle in my [AP] 
course…they weren’t taught the same skillset.” Similarly, Teacher B explained that “You do 
need to have, you know, certain skills in order to be successful at the exam. Because there's so 
many gaps and differences in what they've learned.” Teacher A offered a specific consequence of 
such varied academic experiences in an AP course: “Last year there were [AP] teachers who said 





able to adequately teach an AP curriculum will clearly inhibit students’ success in the course and 
on the AP exam. Overall, AP teachers perceived the varied prior academic history of their 
current AP students as a detrimental to student success. This further indicates a need to support 
AP teachers in differentiating instruction to optimally teach all students who have varying 
previous academic experiences.  
 A third code that emerged related to the differences in student’s prior knowledge theme is 
teachers’ mindset with regard to how teachers perceive the increasingly diverse academic profile 
of AP classes. Although teachers did not contribute to this code, both principals explained how 
their AP teachers have shifted mindsets recently toward being inclusive and supportive of 
incoming AP students who lack an advanced academic background. Principal G explained that: 
My thinking may have been different several years ago, but I think our AP teachers have 
begun to shift from a mindset of—a student needs to come in and be prepared and have 
all the skills necessary—as opposed to where we are going, which is meeting the students 
where they are and really having a similarly responsive mindset that you would have with 
a non-AP class. 
The same perspective was described by principal F: “Our teachers have really said, we are going 
to recognize those gaps and we're going to find ways to close them, as opposed to, say, a student 
has a gap in their learning or skill and they're therefore not appropriate for AP.” The shift toward 
open, inclusive, supportive mindsets of AP teachers described by the principals provides 
optimism toward an intervention targeting enhancing support for AP students and teachers. That 
is, AP teachers appear to be receptive to efforts designed to improve success of their increasingly 
academically diverse AP students.  
 Considering the diverse academic backgrounds of AP students, a specific gap in prior 
knowledge demonstrated by some AP students is content-specific test-taking skills. Students with 
more advanced academic experiences may have more experience taking high-stakes tests (e.g., 





limited advanced academic experiences. Teacher D summarized the importance of test-taking 
strategies as “You really have to teach them how to take the exam.” Teacher A explained the 
importance of AP teachers gaining experience with the AP exam: “I'm learning with the kids so 
learning what works and what doesn't work and what they need to focus on more. It allowed me 
and my students to get better at taking the exam.” Generally, AP teachers recognize that their AP 
students have a range of test-taking skills, and Teacher A—in the context of AP Spanish—
pointed out the importance of students being able to transfer knowledge to novel situations on 
AP exams:  
There's not enough time in the day that I can teach them all the vocabulary that they can 
actually see in the exam. So, a lot of the skills that they need, is [sic] being able to 
interpret and using what they know to different applications, to be able to understand 
either a text and [sic] audio. And then of course transition that to be able to write, and 
then be able to speak about it.  
AP teachers generally recognized the trend toward increased emphasis of knowledge transfer on 
AP exams, so developing that often-underdeveloped skill (Teacher D) in AP students represents 
an important potential mechanism to improve student success in AP courses.  
 Many AP teachers do not teach the corresponding lower-grade level introductory course 
(i.e., both English 9 and AP English 11; Teacher E). This may be a contributing factor to AP 
students’ differences in prior knowledge; AP teachers may be optimally capable to prepare 
students in introductory-level courses with the knowledge and skills the students will eventually 
need in an AP course. Several participants described this teaching introductory courses code as 
providing an opportunity to groom students for future AP courses because the teacher has an 
ample understanding of what will be needed in the AP course. Teacher A explained the benefit 
of teaching the introductory level courses as: “So it starts right from the beginning of [sic] first 





needed to be able to analyze text and be able to interpret audio.” Teacher D described the same 
benefit in their AP context: 
When those students that I taught in the freshman year, come back to me as juniors and 
seniors like that, it's just fabulous, because first of all, I know what they know, or should 
know, right? Because I taught them. 
In discussing this topic, Teacher B agreed: “You understand what they need for AP. You can 
kind of more easily identify if those students are ready for AP and what they need…what you 
need to get to them in terms of content knowledge and skills.” In that quote, Teacher B also 
alluded to the notion of identifying students who are capable and prepared to advance from a 
lower academic track to an AP course. To extend that point, Teacher C described a mechanism to 
address the differences in students’ prior knowledge; establish an AP pipeline: “When I teach GT 
Biology, the feeder to APES and AP Bio, I can create a pipeline.” Principal G similarly 
discussed the idea of establishing an AP pipeline as a school-wide effort:  
We really tried to create an AP Program as a school, as where I think previously we've 
really been looking at it departmentally. So English was doing one thing, social studies 
may be doing another, but recently, looking at recruitment and retention as a whole 
school. We really tried to create what we call an AP community so students are really 
feeling that the part of a pipeline or part of our program really starting in the summer 
prior to ninth grade. 
AP teachers explained that teaching the corresponding introductory course permitted teachers to 
prepare students for their eventual AP course. Although there appears to be benefits to students 
to have their AP teacher also teach their introductory level course, establishing that as a typical 
policy may require substantial infrastructural changes to the school and its master schedule, 
including major staffing changes at the school or district level.  
 The final code that emerged related to differences in students’ prior knowledge was study 
strategies, which are skills and techniques students apply to enhancing learning, memory, and 





study strategies, which substantially inhibits their potential to be successful in their AP class. 
Teacher B explained the most important skills for their AP students are to know “how to study 
and how to take notes.” Teacher B further explained that “In the past two years, I've become 
more aware of student needs in terms of needing to learn how to study. I used to have this 
assumption that they knew what they were doing already, and that was incorrect.” This 
perception was echoed by Teacher A, who explained “They don’t know how to study,” and 
Teacher C, who stated “When you say study, they don't necessarily know what that means.” 
Responding to a question about what the most important skills for their AP students, Teacher D 
replied “They should figure out the best way to study;” however, the teacher did not attempt to 
teach his students study strategies. A reason why some AP teachers may not teach their students 
study strategies was indicated by Teacher E: “They need assistance with study skills, those are 
key to keeping the students on track. We don’t have time to teach those skills…but they need 
that.” While some AP teachers may perceive limited time resources as a restriction to teaching 
students study strategies, other AP teachers disagree: “I think there is time, if you can integrate 
those things into what you're already doing” (Teacher C). There is a clear consensus that AP 
teachers perceive their students as needing to improve their study strategies. Knowledge of 
effective study strategies could be developed in a school-based PL for AP teachers. Further, 
mechanisms to seamlessly incorporate effective study strategies into existing lessons could be 
cultivated through PL, and may provide AP teachers with a pathway to improve student success 
in AP courses without sacrificing substantial instructional time.  
 Collaboration. All AP teachers and principals discussed concepts related to 
opportunities for collaboration—or lack thereof—among AP teachers. Three codes emerged 





 Collaboration with colleagues is a critical component of effective PL models (Darling-
Hammond et al., 2017). However, participants described that AP teachers often work in 
isolation. AP courses often have only one AP teacher per content area in each high school, which 
may limit opportunities for content-specific collaboration. For example, as Teacher D explained: 
“I’ve been the only [AP] World History teacher at [my school] for many years.” Several AP 
teachers described this lack of opportunities to collaborate as a hindrance: “It is isolating, I don't 
have anyone to bounce ideas off of” (Teacher C). In offering a suggestion as to how to improve 
the current “insufficient opportunities for collaboration” (Teacher B) among AP teachers, 
Principal F explained that “We need to better diversify our portfolio of AP teachers…need to get 
more teachers involved in teaching AP courses. Having more than one person, natural 
collaboration could exist.” Although this principal’s suggestion is logical, it is actionable only at 
relatively high levels due to the staffing and infrastructure changes that would be required. Thus, 
if the feasibility of having multiple AP teachers of each content at most schools is unlikely, 
perhaps collaboration among all AP teachers of various content areas within a school would 
provide a platform to enhance student preparedness and success in AP courses. The notion of a 
within-school AP PLC will be examined later, as participants discussed collaboration in the 
context of PL.  
 Although participants yearned for more opportunities to collaborate with AP colleagues, 
several participants described negative experiences when afforded the rare opportunity to 
collaborate with AP colleagues. For example, Teacher A explained: “I've had a few teachers over 
the years I was able to collaborate with, but [it] was never a great experience...I would love to 
find someone who was willing to collaborate and share.” Other AP teachers had a similar 





“My first year, there was another teacher teaching AP Environmental, but we didn’t collaborate 
or bond much” (Teacher C). Accordingly, simply positioning multiple AP teachers of each 
content in a school does not ensure effective collaboration. Achieving meaningful collaboration 
among AP teachers likely more nuanced, and additional considerations may be important: is the 
collaboration supported with effective PL, do the teachers have common planning time, and do 
the teacher have adequate time—aside from other responsibilities—to collaborate? Alternatively, 
some participants described vertical teaming as an effective collaborative model for AP teachers.  
 Vertical teaming is collaboration among teachers of various grade levels within a 
discipline, which can align content, expectations, skills, and knowledge for students as they 
progress through grade levels. Effective vertical teaming may help improve early grade level 
teachers’ understandings of the perquisites for students’ eventual AP course. Vertical teaming 
“Helps the middle school teachers understand what students will need once they get to AP 
classes in high school” (Teacher B). Although some AP teachers indicated they have not had 
opportunities to engage in vertical teaming, other AP teachers in the district “Have gone down to 
the middle school or a little bit of vertical alignment” (Teacher B). Teacher A described how 
their context has recently began vertical teaming: “New this year, four times a year, we are 
vertical teaming with all the high school and middle schools in our region.” The AP teachers 
who have not had opportunities to engage in vertical teaming expressed an understanding of the 
value of such curricular alignment: “Vertical teaming is extremely important, and it’s probably 
less common than grade-level teaming” (Teacher E). Principal G discussed how logistical 
challenges often inhibit opportunities for vertical teaming, explaining “We're lucky because 
we're in the same building as the middle school.” However, vertical teaming does not have to be 





grade 11 AP teacher “collaborating back with that ninth-grade teacher” (Principal G) can 
importantly align skills, knowledge, and expectations for future AP students. Similarly, most 
content areas in the district follow a general progression of courses (e.g., in social studies: 
government in grade 9, world history in grade 10, U.S. history in grade 11); therefore, vertical 
teaming within a discipline in a single school may afford meaningful opportunities to established 
alignment as AP students’ progress through high school.   
 Professional learning. Participants responded to questions intended to understand how 
AP teachers described their PL preparation for teaching an AP course. Within this theme, four 
codes emerged: Advanced Placement Summer Institute (APSI), Advanced Placement Teacher 
Community (APTC), PLCs, and positive deviants (i.e., AP teachers whose behaviors result in 
substantially better outcomes compared to similar peers).  
 The APSI was a commonly reported PL that AP teachers held in high regard. The APSI is 
an intensive, summer, week-long training program led by experienced experts designed for 
teachers new to teaching an AP course (College Board, 2018). AP teachers explained that the 
APSI was very valuable in helping become prepared to teach an AP course: 
I've done that summer institute...and that’s great, especially as a new AP teacher, going 
and not only learning about the exam itself but getting a lot of resources from those who 
are in the class as well as the professor. The teacher provided a lot of the textbooks that 
are offered as samples (Teacher A). 
Similarly, Teacher C explained the APSI was “so valuable…I learned so much from that. While 
Teacher D agrees, they also bring up an additional point:  
I don't think I could have taught the course, like I would have gone in, you know, 
quaking in my boots, if I hadn't taken that course...I think it might be more useful to have 
like, even every couple of years, an institute that like, you know, an update or brush up, 
here's what's new, you know, I would love to retake the institute, quite frankly. 
Teacher D brings up the idea of attending the APSI periodically: If the APSI is so effective in 





PL? Teacher D suggests an answer: “The district is pretty keen on sending you if you're a first 
timer, but after that, it's too expensive.” This perspective was confirmed by Principal F: “We 
don't have the ability to send a number of teachers to the summer institute.” Collectively, AP 
teachers and principals perceive the APSI as a valuable form of PL that prepares teachers for 
instructing an AP course. However, the APSI appears geared toward teachers new to AP, and 
moreover, funding does not exist to support substantial numbers of AP teachers periodically 
attending the APSI. Not all PL for AP teachers were described as so effective.  
 The APTC is an online resource available to all AP teachers, which provides 
opportunities for collaboration through online discussion boards and resource sharing. Despite 
the potential benefits of the APTC, participants generally described the APTC as unhelpful. AP 
teachers did not find the overall design of the APTC user-friendly, as described by Teacher C: “I 
find it cumbersome.” Teacher E explained the vast amount of information contained within the 
APTC is overwhelming, as they explained: “I don’t find the time to use the online forum, it's 
daunting.” Teacher A also felt the APTC is generally not the best use of their time: “College 
Board online collaboration, this is the first summer that I actually took a look at it. And some 
things are good, some things are not so good. It really just depends on who's posting it.” 
Although AP teachers desire collaboration, the APTC does not appear to satisfy that need, 
because none of the AP teachers reported using it effectively. Similarly, no teachers reported 
reading (i.e., grading) AP exams as an effective PL, perhaps because of the relatively small 
number of AP teachers selected to be a reader. However, Principal G explained that: 
My teachers will tell me the most valuable experience for them is grading AP exams and 
really seeing firsthand the quality of work that is expected on that exam and then really 
using that to be able to backwards map their instruction. So, we've had several instructors 






Although becoming a reader for the AP exams may be a valuable PL, it is not readily available to 
AP teachers or actionable, as a relatively small number of AP teachers are selected by the 
College Board to be readers.  
 PLCs were discussed previously in the context of valuable collaboration; here, how 
participants perceived PLCs as a form of professional learning is discussed. A PLC is a group of 
educators who collaborate regularly to share expertise and work to improve teaching skills and 
student outcomes. A PLC comprised of all AP teachers in a school may provide the framework 
needed for collaboration, active learning, sharing of best practices, and constructing new 
knowledge from the help of experts. Participants shared generally positive past experiences with 
PLCs, and expressed the perspective that an AP-specific PLC in their school may provide 
substantial benefits. Principal G explained that “Sharing of data and best practices, and just 
providing time, whether it's the whole school, or all social studies, or breaking it down, you 
know even more specifically, would be huge.” Teacher B described how beneficial having an AP 
PLC can be: “For the first time this year, the AP science teachers have common planning time, 
which is amazing.” However, merely providing teachers the time and space to collaborate does 
not equate to an effective PLC: “We have a PLC now, it’s departmental, but we don’t really do 
much. I’d much rather be able to collaborate with other AP teachers in the school” (Teacher E). 
Collectively, participants expressed supportive perspectives of PLCs, particularly an AP-specific 
PLC. An AP PLC may provide the infrastructure needed to allow for collaboration and can be 
combined with other PL initiatives to enhance AP teachers’ capacity, ultimately better preparing 
students for AP courses and improving students’ success in AP courses.  
 Positive deviants was the final code to emerge related to the professional learning theme. 





outcomes compared to similar peers. Due to the privacy of AP exam scores, it is typically 
difficult to know which AP teachers taught students who earned the highest AP exam scores. 
However, participants felt that how a teachers’ students performed on the AP exams overall (i.e., 
deidentified by student) should not be secret; rather, such information may be used to advance 
AP teacher effectiveness and student outcomes. For example, Teacher C explained that 
knowledge of other teachers’ students AP exam scores may “Lead to conversations…what do 
you do in the classroom that is leading to success? I think there is value in knowing that…there 
should not be shame in scores.” Similarly, Teacher B described that “If we could use those 
people for PD and they’d be willing, then that would be great.” Referencing if having knowledge 
of which AP teachers are positive deviants may be valuable, Principal G explained the potential 
value in such information, but also expressed caution in handling the data carefully: 
Absolutely. It has to be a very careful process. But like any piece of data. There is a lot to 
be learned from it, particularly when you really break that data down. And you can look 
at it year after year as well. You know, we share that as a leadership team, we all meet 
with each individual teacher and go over strengths and challenges. And certainly, from a 
school system level it would be interesting to see, you know, where is there a subject area 
where there's, you know, a lot of success being experienced and, you know, it's about a 
master teacher who can help out with a newer AP teacher. There's a large benefit to 
sharing that data.  
Teacher E explained that boiling a positive deviant AP teacher down to one number (i.e., 
students’ AP exam scores) is complicated: “It could be valuable if you take into account all the 
variables, which is hard to do.” Collectively, participants felt no need for secrecy about sharing 
their students’ overall AP exam scores with others, and in fact, perceived benefits for themselves 
and their students in understanding which teachers may be positive deviants. Positive deviant AP 
teachers may have much to offer toward improving AP teacher capacity and AP student 
outcomes, as has been demonstrated by positive deviants in other fields (e.g. medicine; Bryk, 





 Instructional strategies. Participants responded to questions intended to understand 
what instructional actions teachers have taken to address student success in AP courses. Within 
this theme, two codes emerged: inquiry-based learning and summer boot camp.  
 Several AP teachers discussed the role of inquiry-based learning in AP instruction. 
Inquiry-based learning is a form of student-centered, active learning in which students often pose 
questions, solve problems, and construct their own learning (e.g., project-based lessons and 
flipped lessons). Some participants described employing inquiry-based instruction periodically 
while teaching AP courses; however, AP teachers expressed various concerns over using 
inquiry-based lessons regularly. For example, “I know I should use more student-centered 
lessons and less lecture, but I don’t know how to create those kinds of lessons given my time 
constraints” (Teacher B). Similarly, Teacher C explained that “Some [AP teachers] use flipped 
lessons, but I haven’t taken that leap yet.” Teacher E explained how AP teachers in a different 
department in their school has struggled implementing project-based lessons: “The social studies 
department has shifted their AP courses toward project-based activities, it’s been challenging for 
them to adjust, teachers and students, really.” Collectively, while AP teachers perceived value in 
employing inquiry-based lessons, they also expressed reservations in employing such lessons. 
Reasons for these reservations included limited time resources to develop, limited instructional 
time to deliver, and apparent low self-efficacy to deliver inquiry-based lessons.  
 The second code to emerge relative to the instructional strategies theme was summer boot 
camp, which refers to summer training programs designed to prepare incoming AP students for 
the rigorous coursework and expectations of their upcoming AP course. Some participants 
explained that their school offered optional summer boot camps and reported positive results 





offer continued support for AP students. The content delivered in the summer boot camps was 
primarily to establish a level of expectations for AP courses, as Principal F described:  
We offer a bridge program in the summer, where basically, it's an exposure to different 
strategies to help manage, things like organization, like note-taking. Like before maybe 
getting a jump on the actual curriculum, it's really just kind of teaching and kind of 
exposing the rigor of what needs to happen in order to be successful.  
Teacher C discussed some specific content covered in their school’s summer boot camp: “We’ve 
tried a summer program for a week while expanding AP enrollment. Worked together to 
generate some organization skills, team building, content activities, to help kids who have 
stepped up to take the class feel more comfortable and confident.” Principal G offered how 
adding former AP students to the summer boot camp may add value:  
So, we did a prep and AP boot camp over the summer with some of those students [new 
to advanced coursework] and then some of our students who took AP courses previously, 
who could return and provide them with additional support they may need going into the 
next school year. 
Collectively, participants perceived value to the week-long summer boot camps to help prepare 
incoming AP students. However, the value of the summer boot camps may not have been 
optimized for several reasons, the summer boot camps: (a) did not have sustained duration, (b) 
did not have a way of measuring its success (e.g., “So just like mindset shift, it’s really hard to 
quantify” (Principal G), and (c) did not include any learning or studying strategies which may be 
valuable to better prepare AP students and improve success in AP courses.  
Summary of the Findings 
This section summarizes how the key findings from this study interact with the problem 
of practice under investigation through the lens of the research questions. The first research 
question was: How has overall AP enrollment changed annually from the 2014-2015 school year 
to the 2016-2017 school year? The five schools analyzed varied substantially in the measures of 





at least one AP course, sum of AP enrollment for all classes, number of AP exams taken, and 
percent of students enrolled in at least one AP course. Composite analysis of all five schools’ 
enrollment patterns indicated AP enrollment increased overall during the study period. However, 
data analysis was limited to only three consecutive years; therefore, the quantitative strand of the 
investigation was limited in fully capturing the ongoing, longer-term efforts to increase AP 
enrollment that began in the early 2000s.   
The second research question was: How have AP exam scores changed annually from the 
2014-2015 school year to the 2016-2017 school year? The five schools analyzed varied 
substantially in measures of AP exam success, including percent of AP exams passed and mean 
AP exam score. Four of the schools showed no significant change in AP exam pass rates over the 
study period. The fifth school’s AP exam pass rate decreased significantly; it may be noteworthy 
that was the only school to demonstrate a decrease in AP enrollment over the three years. 
Collectively, there was no significant change in AP exam scores for the schools investigated, 
perhaps in part due to data only being available for three consecutive years.  
The third research question was: What are AP teachers’ and principals’ perceptions of 
their students’ ability to be successful in AP coursework? Participants acknowledged recent 
efforts to increase AP enrollment have been associated with an increased number of AP students 
from lower-level academic tracks. Accordingly, participants perceived their AP courses as 
having become increasingly populated with students who are differentially prepared for AP 
coursework. This differential preparation was largely described to be in terms of prior 
background knowledge and academic skills related to effective learning and studying. AP 





brought increased numbers of students into AP courses, but participants also recognized a need 
to better support AP students, particularly those who are new to advanced academic coursework.  
The fourth research question was: How do AP teachers and principals describe their 
professional development preparation for teaching AP courses? AP teachers described their 
participation in the APSI as very effective preparation for teaching an AP course. However, the 
APSI is expensive, so access to the program is typically limited to first year AP teachers. AP 
teachers described the APTC as too large, cumbersome, and overwhelming to be helpful 
preparation for their AP courses. However, AP teachers expressed a need for increased 
collaboration, but the APTC does not appear to satisfy that need. AP teachers and principals 
described their limited experiences with PLCs as positive and expressed a need for having PL 
opportunities with other AP teachers.  
The fifth research question was: What instructional actions have teachers taken to address 
student success in AP coursework? AP teachers described employing inquiry-based instructional 
strategies, such as project-based lessons and flipped lessons. However, AP teachers also 
expressed concerns related to implementing such instructional actions, including limited time 
resources to develop such lessons and limited capacity to develop such lessons without 
additional training. AP teachers and principals in some schools also explained how they have 
recently implemented a summer boot camp for incoming AP students. Although these programs 
included activities to help students learn organizational strategies, develop note-taking skills, and 
gain exposure to the expectations and rigor of AP courses, these programs did not include any 
learning or studying strategies, which may be beneficial for improving AP student preparedness 





The sixth research question was: To what degree are AP teachers in different content 
areas similarly prepared to provide effective instruction for success in AP courses? Across the 
AP content areas represented by interviewees, AP teachers did not perceive their background 
content knowledge or general pedagogical knowledge as limiting their ability to effectively 
instruct AP course. Rather, AP teachers spoke to limited opportunities to collaborate with other 
AP teachers and restricted access to knowing who the positive deviant AP teachers are as 
barriers to providing effective instruction in their AP course. Additional challenges teachers 
described included the increasingly diverse range of prior knowledge of AP students and a 
general lack of adequate study strategies exhibited by their AP students.  
Limitations 
Some factors that may interact with the problem of practice were not able to be 
investigated in this study, thereby limiting the scope of the study. Such factors include 
macrosystem factors of the benefits of AP courses, equitable access to AP courses, and success 
in AP courses for students in different student demographics. Exosystem factors not thoroughly 
evaluated in this study include federal and state policies aimed at increasing equitable access to 
AP courses for all students. Certain mesosystem factors that may interact with the problem of 
practice were not addressed in this study, including certain school infrastructure characteristics, 
such as school size, class size, and teachers’ course assignments. The microsystem factor of 
influences of family and peers on AP students may be important to the problem of practice but 
was not analyzed in this study.  
Quantitative analysis of the five high schools’ AP enrollment and AP exam scores was 
limited because that data were available for only three consecutive years; therefore, describing 





substantially limited. Additionally, the AP enrollment data for the context under investigation 
was based on the number of students who enrolled in AP courses, which is not necessarily 
congruent with the AP enrollment data maintained by the College Board, which specifies the 
number of students who take AP exams each year, not the number of students who enroll in AP 
courses. Therefore, generalizability of the data may be limited to the incongruence between 
global AP enrollment data described by the College Board and contextual AP enrollment data. 
Finally, due to the deductive nature of the quantitative strand of this study, implicit bias may 
exist in terms of the initial determination of the data selected to be analyzed.    
 Semi-structured interviews were limited to seven participants from a large district 
containing 24 high schools with AP Programs. Therefore, the perceptions of the seven 
participants may not necessarily be indicative of most of the teachers and school administrators 
in the district, perhaps limiting the transferability of this study to the entire district. Further, the 
district under study exists in a state with diverse, county-wide school districts (see Table 6), so 
the results may not be generalizable to other counties within the state or other areas. The insight 
gained into teacher and administrator perspectives were self-reported, posing a potential threat to 
the credibility of the study. However, the use of member checking during the interviews and peer 
scrutiny and reflective commentary during data analysis were intended to mitigate threats to 
credibility (Guba, 1981). Additionally, in attempts to achieve dependability of the qualitative 
strand of this study, the researcher was consistently reflective and established an audit trail by 
specifying details of the methodology and analysis (Guba, 1981). Similarly, in attempts to 
achieve confirmability of the study, any threats to neutrality were made explicit (Miles, 







Chapter 3: Intervention Literature Review 
 This chapter will first summarize the key findings from the needs assessment that were 
used to determine the intervention literature to investigate. Then, sociocultural learning theory 
(Vygotsky, 1978) will be presented as a useful theoretical framework to guide the intervention 
literature synthesis. Next, the specific part of the conceptual framework of factors influencing 
outcomes for AP students will be identified as most likely actionable for an intervention. The 
core of this chapter will follow—a synthesis of best practices in professional learning (PL) that 
will be useful to inform a PL-focused intervention, followed by three areas of intervention 
literature: professional learning communities (PLCs), project-based lessons (PBLs), and retrieval 
practice strategies informed by science of learning (SoL) research. Finally, a summary of the 
intervention literature and an overview of the proposed solution will be presented.  
 The problem of practice is Advanced Placement (AP) expansion has been associated with 
a broadening AP recruitment pool that includes students without experience in advanced 
academic courses, leading to many students facing possible disadvantages when they pursue AP 
courses (Kolluri, 2018) and leading to decreasing AP exam pass rates (Judson & Hobson, 2015). 
AP expansion efforts since the 1990s have successfully increased access to and participation in 
AP courses, thereby extending rigorous, college-preparatory curricula and instruction to many 
more students (College Board, 2014; Judson & Hobson, 2015; Parker et al., 2013; Rowland & 
Shircliffe, 2016). However, whereas AP teachers and principals believe exposure to AP courses 
better prepares students for college, documented studies demonstrate that students who merely 
participate in AP courses but are unsuccessful on AP exams are not conferred the same academic 
and non-academic benefits as their AP exam passing peers (Ackerman et al., 2013; Evans, 2019; 





indicated that AP expansion has led to rapid recruitment of teachers to instruct newly formed AP 
courses, and improved supports are needed for these novice AP teachers to facilitate student 
learning and success in AP courses.  
The needs assessment presented in Chapter 2 revealed quantitative evidence that AP 
enrollment increased in the district under study from 2014 to 2017. Further, interview 
participants described substantial efforts by the district and schools to actively recruit more 
students into the AP program, specifically by targeting students from intermediate level classes 
to enroll in AP courses. Qualitative findings indicated these efforts to increase AP enrollment 
were based on the assumption that exposure to rigorous, college level AP courses will translate 
into improved outcomes for students who take AP courses; however, that assumption is 
inconsistent with the literature, in which there is a general consensus that benefits of AP courses 
are largely only available to AP exam-passers (Ackerman et al., 2013; Evans, 2019; McKillip & 
Rawls, 2013; Morgan & Klaric, 2007; Smith et al., 2017).  
Qualitative findings from the needs assessment presented in Chapter 2 also indicated 
teachers perceived their current AP students were less prepared for rigorous academic work than 
their students were approximately a decade ago, reportedly due to their AP courses’ shifting 
academic profile resulting from AP expansion efforts and the lack of prior experiences that 
would prepare students for this level course. Further, teachers and administrators believed all 
students—including those recruited from intermediate classes—could be successful in AP 
courses and on AP exams, but that they need more sustained supports before or during AP 
courses to meet those goals. Although many schools reported efforts to better support AP 
students in recent years, those supports have fallen short of being successful for all students. 





efforts to shift students toward a growth mindset (Dweck, 2006). None of the participating 
schools reported using learning, studying, or SoL strategies (e.g., retrieval practice) to help better 
support students in AP courses and on AP exams. Teachers perceived that AP students need 
increased support in learning and studying strategies—as one teacher stated, “they don’t know 
how to study”—which describes a potential area to be explored further in the intervention 
literature.  
Qualitative findings from the needs assessment presented in Chapter 2 also indicated that 
despite teachers’ reported efforts to increase student-centered lessons, some AP teachers still 
relied on teacher-centered lessons (e.g., lecture) to deliver instruction, in part due to a reported 
self-perception of limited capacity to incorporate more student-centered lessons. Inquiry-based 
lessons, such as PBL, have been shown to positively influence AP student outcomes (Fischer, 
Eisenkraft, Fishman, Hubner, & Lawrenz, 2018a; Parker et al., 2013; Parker, 2018; Parker & Lo, 
2016). Therefore, infusing more innovative, student-centered pedagogical approaches (e.g., PBL, 
flipped lessons, inquiry-based lessons) could enhance AP instructional methods.  
Qualitative findings from the needs assessment presented in Chapter 2 also indicated that 
the teachers described the most helpful professional learning for enhancing AP teachers’ 
instruction was College Board-sponsored AP summer institutes. AP summer institutes are 
designed for teachers new to teaching an AP course; therefore, the summer institutes are not 
funded for experienced AP teachers to attend in the district under study, which may leave veteran 
AP teachers without substantial, sustained PL moving forward. Similarly, although teachers and 
administrators described collaboration between AP teachers as important for teacher capacity, 





insufficient, indicating PLCs may be a potential mechanism to enhance AP teachers’ capacity to 
instruct AP courses. 
Theoretical Framework 
Sociocultural learning theory (Vygotsky, 1978) is a useful framework to organize the 
components of any PL intervention for AP teachers. Sociocultural theory contends that learning 
and behavior develop from social factors including interactions with others (Vygotsky, 1978). A 
key aspect of sociocultural theory includes learners’ zone of proximal development, which 
considers where individual learners are in their development, what they can learn next on their 
own, and what they need help to learn (Vygotsky, 1978). Maintaining a focus on the 
environment, use of language, and learning with the support of others, Vygotsky’s sociocultural 
theory is useful to design PL for AP teachers that may include effective learning and studying 
strategies as a mechanism to improve teachers’ capacity to better prepare and support AP 
students for success.   
Raphael, Vasquez, Fortune, Gavelek, and Au (2014) propose five principles that PL 
designs should incorporate to align with the emphasis on learning through social interactions in 
Vygotsky’s (1978) sociocultural theory. First, teachers must be engaged in shared ownership 
over the PL design and analysis of results, thereby contributing to teacher agency (i.e., teachers’ 
capacity to effectively direct their own professional growth and that of their colleagues). Second, 
PL should be situated in teachers’ context and be able to address meaningful problems in 
teachers’ context. Third, dialogical practice should be employed to provide teachers with 
opportunities to engage in meaningful conversations, which can further develop teachers’ 
responsibility and agency. Fourth, PL should be systemic, so all stakeholders share an 





over time to most likely positively influence teacher capacity. Raphael and colleagues helpfully 
operationalize Vygotsky’s theory of learning through social interactions, which can be drawn 
upon to design PL that positively affects AP teacher practice.  
The conceptual framework presented in Chapter 1 (Figure 1.3) is modified in Figure 3.1 
to indicate a possible location of intervention to address the problem of practice. The two-way 
relationship between teacher background and teacher practices may represent an actionable point 
of intervention. According to the networked ecological systems theory (Neal & Neal, 2013), 
teacher background is influenced by many factors, including PL, which exists at AP students’ 
exosystem (i.e., interactions do not directly involve the focal individual, but the results of 
interactions at this level affect the focal individual directly or indirectly. AP teacher practices 
exist within an AP students’ microsystem (i.e., interactions occur between focal individual and 
their immediate environment; Neal & Neal, 2013), as AP students interact with their AP 
teachers’ instructional practices in every class. The areas of intervention literature review 
discussed next all act at the potential point of intervention represented by the double-arrow 
between teacher background and teacher practices. This pivotal placement of the intervention 























Figure 3.1. Potential point of intervention within the conceptual framework of factors 
influencing student success in AP courses and on AP exams 
Intervention Literature Synthesis 
 This section will first discuss a synthesis of effective PL based on Darling-Hammond, 
Hyler, and Gardner’s (2017) conceptual framework. Then, a synthesis of intervention literature 
from three fields will be presented: professional learning community (PLC) interventions, 
project-based learning (PBL) interventions, and retrieval practice interventions. These three 
fields of intervention literature were selected for investigation based on key findings from the 
needs assessment that align with the problem of practice and present a practical point of 
intervention in the professional context under investigation.  
Professional Learning Framework  
The link between effective teacher PL and improvements in student learning outcomes is 





Dagen & Bean, 2014), and high-performing academic systems emphasize teacher PL as the 
driver of improving student learning (Jensen, Sonnemann, Roberts-Hull, & Hunter, 2016). 
Darling-Hammond and colleague’s (2017) conceptual framework for effective PL is useful to 
design an intervention that aims to enhance AP teachers’ practices. Darling-Hammond and 
colleagues explain effective PL results in positive changes in teacher practices and increases in 
student learning outcomes when the PL includes seven characteristics: (a) focuses on content, (b) 
infuses active learning based on adult learning theory, (c) includes situated opportunities for 
collaboration, (d) incorporates models of effective practice, (e) uses coaching or support of 
experts, (f) provides opportunities for reflection and feedback, and (g) is maintained for a 
sustained duration. Each of these characteristics and literature reviewed is displayed in Table 3.1 







Professional Learning Literature Reviewed 
Topic Sources 
Frameworks for best practices 
in professional learning 
 
Darling-Hammond et al., 2017; Desimone & Garet, 2015; 
Jensen et al., 2016; Learning Forward, 2011 
PL should be content focused Fisher & Frey, 2014 
 
PL should involve active 
learning 
 
Jacobs & Yendol-Hoppey, 2014; Raphael et al., 2014; 
Rohlwing & Spelman, 2014; Swan Dagen & Bean, 2014; 
Youngs & Lane, 2014 
 
PL should be situated and 
collaborative 
 
Calvert, 2016; Raphael et al., 2014 
  
PL should model effective 
practice 
Tschannen-Moran & Chen, 2014 
  
PL should include coaching 
and expert support 
Avalos, 2011; Youngs & Lane, 2014 
  
PL should include 
opportunities for feedback 
and reflection 
Calvert, 2016; Fisher & Frey, 2014; Guskey, 2014; Jensen et 
al., 2016; Raphael et al., 2014 
  
PL should be of sustained 
duration 
Calvert, 2016; Fisher & Frey, 2014; Jensen et al., 2016; 
Raphael et al., 2014 
 
Content focused. Professional learning that positively influences student learning 
focuses on the specific content that teachers instruct (Darling-Hammond et al., 2017). This 
content-focused PL should be situated in teachers’ contexts and aligned with system priorities to 
provide coherence across the PL opportunities offered over time for teachers (Darling-Hammond 
et al., 2017). This design enables teachers to build on what they already know, aligns with 
educator performance standards, and supports ongoing PL with educators in similar contexts 
(Learning Forward, 2011). Professional learning that is content focused, coherent, and 





in each teacher’s zone of proximal development and utilizing the language and signature 
concepts of specific content areas.  
 Changing teachers’ procedures or classroom behavior is more immediately possible for 
teachers than improving content knowledge or inquiry-based practices (Desimone & Garet, 
2015). Therefore, PL that is content focused must not necessarily teach educators content 
knowledge, but it should still focus on the content teachers instruct, and PL design should allow 
for variation in teachers’ response to the PL based on their prior experience and background 
content knowledge (Desimone & Garet, 2015). Fisher and Frey (2014) suggest that PL designs in 
high school settings should be customizable to meet the needs of each teacher; for example, PL 
in high schools can be differentiated by teaching some teachers content knowledge background, 
other teachers general pedagogical strategies, and other teachers pedagogical content knowledge 
(see Shulman, 1986). In addition to PL being content-focused, Darling-Hammond and colleagues 
(2017) identify a need for active learning as the second characteristic of effective PL.  
Active learning. Effective PL for teachers should provide opportunities for active 
learning and be consistent with adult learning models (Darling-Hammond et al., 2017; Swan 
Dagen & Bean, 2014). Active learning in PL directly engages teachers in practices they are 
learning and provides relevant connections to teachers’ classrooms and students (Darling-
Hammond et al., 2017). Adult learning models recognize: (a) adults enter PL with backgrounds 
that should be perceived as resources, (b) adults should be empowered to choose learning 
activities that support their needs, and (c) inquiry and reflection should be key components of PL 
activities (Darling-Hammond et al., 2017). Aligned with adult learning theory, teachers need to 
know why they need to know something, so PL should provide teachers with a clear purpose and 





learning models often incorporates teacher experience, reflection, context, and dialogue 
(Rohlwing & Spelman, 2014). Teachers engaging in dialogue follows recommendations from 
sociocultural perspectives as teachers can learn from their environment and discussions with 
other teachers (Raphael et al., 2014). Discussing how to employ new instructional practices is 
most meaningful when the dialogue is situated and connected to problems of practice relevant to 
teachers’ contexts (Raphael et al., 2014).  
 Effective PL should be designed to promote teachers’ active engagement in their context, 
collaboration, discussion, problem-solving, reflection, and inquiry (Learning Forward, 2011). 
Professional learning that involves sustained inquiry may provide opportunities to: (a) examine 
student thinking and learning, (b) measure student understanding using pre-tests and formative 
assessments, (c) teach experimentally, or (d) use knowledge and feedback from students to 
modify practice (Youngs & Lane, 2014). Mechanisms to engage teachers in analyzing and 
learning from their own practice over time include techniques such as lesson study, action 
research, cognitively guided instruction, and instructional coaching (Youngs & Lane, 2014). 
Incorporating action research in PL offers various benefits, including prioritizing the needs of 
teachers, supporting teacher agency over their own PL, encouraging schoolwide PL, and 
cultivating inquiry (Jacobs & Yendol-Hoppey, 2014). As well as providing opportunities for 
active learning, effective PL should incorporate collaborative activities for teachers (Darling-
Hammond et al., 2017).  
Situated collaboration. Collaboration among teachers has become a focal point of high-
quality PL (Darling-Hammond et al., 2017; Desimone & Garet, 2015). Engaging teachers in 
collaboration that is situated in their context allows opportunities to positively affect teachers’ 





promotes continual dialogue and establishing learning communities enables teachers to share 
what they have learned with each other, aligning with sociocultural approaches to PL (Raphael et 
al., 2014).  
Situating PL in teachers’ contexts positions teachers to be agents of change (Raphael et 
al., 2014). Teacher agency can be promoted through collaborative PL interventions by 
establishing shared responsibility through peer networks that are interpretive and analytical but 
non-evaluative (Calvert, 2016). Calvert describes seven steps school leaders should consider to 
improve teacher agency: (a) consult teachers about PL choices, (b) create a master schedule that 
permits time for regular collaboration, (c) involve teachers in needs assessments and data 
analyses, (d) establish learning communities, (e) provide teachers choice and autonomy in 
directing their own PL, (f) design PL for the purpose of growth instead of evaluation, and (g) 
resist the urge to scale up PL too soon. Increased teacher agency may create additional 
opportunities for teachers (Darling-Hammond et al., 2017), as teachers may take on additional 
leadership functions and act as instructional leaders (Swan Dagen & Bean, 2014). Teachers in 
leadership roles should help design and lead PL, which helps school and district goals align 
better with teacher needs (Jensen et al., 2016); those teacher needs should determine the PL 
design and content delivered (Learning Forward, 2011). Darling-Hammond and colleagues’ 
fourth characteristic of effective PL is incorporating models of effective practice.  
Modeling effective practice. Effective PL often includes modeling instructional or 
curricular best practices to establish a shared understanding of high-quality teaching practices 
(Darling-Hammond et al., 2017). Modeling applications may manifest as teachers viewing or 
interacting with models such as lesson plans, pedagogical case studies, video-recorded lessons, 





coaching, problem-based learning, action research, or applying inquiry to practice (Learning 
Forward, 2011). The emphasis on learning from interactions with peers and specialists that 
occurs through using models of effective practice align with Vygotsky’s (1978) sociocultural 
theory. Further, PL that features effective models may support building teachers’ self- and 
collective-efficacy (i.e., learning highly effective practices through modeling may influence 
teachers’ motivation and capability to implement new instructional strategies or PL goals; 
Tschannen-Moran & Chen, 2014). Examples of modeling effective practice, coaching and expert 
support, are key characteristics of effective PL (Darling-Hammond et al., 2017).  
Coaching and expert support. Sustained engagement in mentoring, coaching, and using 
the support of experts can support effective implementation of PL (Darling-Hammond et al., 
2017). Although coaching can represent a component of the modeling effective practice 
characteristic of effective PL, Darling-Hammond and colleagues (2017) identify coaching as a 
separate characteristic because of its pervasiveness in effective PL and its capacity to scaffold 
support for teachers when focusing on teacher needs and sharing best practices. PL designs that 
promote coaching can be one-on-one or large group collaborations (Learning Forward, 2011). 
Accessing expert support may extend to human resources beyond the school (Darling-Hammond 
et al., 2017) which may include district administrators and other outside experts who promote 
teacher agency, collaboration, inquiry, and teacher research skills (Youngs & Lane, 2014). 
Learning through the help of coaches or other experts dovetails with Vygotsky’s (1978) 
explanation of how learning occurs in a person’s zone of proximal development.  
 State, district, and school leadership play a key role in ensuring educators can reap the 
benefits of coaches and other experts (Learning Forward, 2011). Leaders need to allocate the 





optimally implement the best practices suggested by coaches and experts (Learning Forward, 
2011). Similarly, leadership should be supportive in enabling teachers to access effective PL 
resources, including coaches (Avalos, 2011). District and school leaders should create support 
systems for PL and develop teachers’ capacity for learning and leading PL (Learning Forward, 
2011) so the expertise of teachers can be tapped to help design and implement effective PL 
(Jensen et al., 2016). Further, school leaders should support and encourage teachers to implement 
strategies learned through PL (Desimone & Garet, 2015), which is connected to the feedback and 
reflection concepts of Darling-Hammond and colleagues’ (2017) sixth characteristic of effective 
PL.  
Feedback and reflection. Teachers need time to think about their own practice and 
opportunities to receive feedback on their own practice (Darling-Hammond et al., 2017). 
Teachers and schools should be mindful that reflection and feedback can drive cycles of 
continuous improvement (Learning Forward, 2011). Providing teachers with feedback and 
opportunities for reflection demonstrates a responsiveness to teacher needs (Darling-Hammond 
et al., 2017) and may inform future PL based on teacher needs (Desimone & Garet, 2015). A 
source to provide reflection is analyzing student work as evidence for misconceptions, 
effectiveness of instructional practices, and examples of high- and low-quality student work 
(Darling-Hammond et al., 2017). Vygotsky’s (1978) sociocultural theory is reflected in the 
feedback from peers and school leaders that teachers receive as they learn with the help of 
others. Further aligning with sociocultural approaches to PL, achieving desired outcomes can be 
supported through backward design based upon reflection (Raphael et al., 2014). Reflection on 
practice and feedback from others may interact with three topics described in this section: (a) 





 Teacher change. Studies investigating teacher change identify reflection and feedback as 
critical features of professional learning (Learning Forward, 2011), which theorists explain as 
driven by reflection and feedback (Clarke & Hollingsworth, 2002; Guskey, 2002). Guskey’s 
(2002) model of teacher change stipulates that changes in teachers’ beliefs come only after 
teachers observe changes in student learning outcomes resulting from implementation of new 
practices. Therefore, Guskey’s model espouses that teacher change occurs in a series of stages; 
PL impacts changes in teachers’ classroom practices, which in turn positively affects student 
learning outcomes, which then changes teachers’ beliefs and attitudes. Contrastingly, the 
interconnected model of professional growth proposed by Clarke and Hollingsworth (2002) 
presents a more dynamic perspective of how teacher change occurs as a result of a series of 
enactment and reflection that occurs among four domains in a teacher’s environment: PL; 
implementation of practices; outcomes of practices; and a teacher’s personal knowledge, beliefs, 
and attitudes. Both models of teacher change acknowledge the important role reflection and 
feedback play in leading to salient teacher change (Clarke & Hollingsworth, 2002; Guskey, 
2002).  
 Evaluation of PL. Evaluation of PL is critical for continual improvement (Learning 
Forward, 2011). The standards for professional learning recommend using a variety of sources 
(e.g., student, teacher, administrator, and family) and types of data to plan, assess, and evaluate 
PL over time (Learning Forward, 2011). PL evaluation should use a variety of data from all 
stakeholders to complement student achievement data (Jensen et al., 2016). Regular evaluation 
of PL allows for identification of staff needs (Calvert, 2016; Darling-Hammond et al., 2017), 
which can be conducted using staff surveys that can help ensure PL is connected to practice 





assessments should lead to targeted PL that can be differentiated in content and processes (Fisher 
& Frey, 2014). Guskey (2014) outlines five levels of PL evaluation that are helpful to set up PL 
for continuous improvement: (a) participants’ reactions, (b) participants’ learning, (c) 
organizational support and change, (d) participants’ implementation of knowledge or skills, and 
(e) student learning outcomes. Regarding level four, implementation should be measured 
because a lack of fidelity to implementation may render PL efforts ineffective (Desimone & Hill, 
2017). It may be important to consider PL that requires teachers to make larger changes may be 
associated with higher fidelity of implementation (Anderson, 2017). Regarding level five, a 
critical component of PL evaluation includes reflection and feedback on student learning 
outcomes (Learning Forward, 2011).  
Student learning outcomes. Teacher reflection and feedback from colleagues can  
link educator performance standards with student learning outcomes (Learning Forward, 2011). 
Professional learning that is systemic (i.e., focuses on the same goals for all stakeholders) can 
support improvements in student learning outcomes (Raphael et al., 2014). Maintaining a focus 
on student learning outcomes can positively enhance educator responsibility (Learning Forward, 
2011). A source of reflection and feedback may include analyzing student work to inform 
instruction and improve student learning outcomes (Darling-Hammond et al., 2017); therefore, 
secondary school PL should include time for teachers to analyze student work samples to reflect 
on what efforts are working well (Fisher & Frey, 2014). Darling-Hammond and colleagues’ final 
characteristic of effective PL is to maintain sustained duration.  
Sustained duration. Successful PL must be sustained over time (Darling-Hammond et 
al., 2017; Desimone & Garet, 2015; Fisher & Frey, 2014; Learning Forward, 2011; Raphael et 





strategies implemented in their practice (Darling-Hammond et al., 2017). Professional learning 
that is sustained for an adequately long duration has the potential to add perceived value to PL 
and positively alter the school culture (Darling-Hammond et al., 2017). School leadership must 
sustain support for implementation of the PL over time (Learning Forward, 2011), which may 
incorporate teachers’ engagement in collaboration, mentoring, coaching, or other forms of PL 
(Darling-Hammond et al., 2017). Professional learning that is sustained over time provides 
teachers with opportunities to engage with each other about content knowledge and pedagogical 
practices that can strengthen the functionality of collective work groups (Raphael et al., 2014). 
These high-functioning, sustained work groups align with Vygotsky’s (1978) sociocultural 
theory as teachers engage in learning from each other in their zones of proximal development.   
 Schools should be cautious of potential barriers of successfully sustaining the duration of 
PL (Darling-Hammond et al., 2017; Desimone & Garet, 2015). First, conflicting requirements of 
other school policies (e.g., curricular scripts and pacing guides) may inhibit fidelity of the 
implementation of PL (Darling-Hammond et al., 2017). Second, PL design may appear 
fragmented due to multiple PL providers—who may have differing goals—implementing PL 
with little overarching cumulative design (Desimone & Garet, 2015). Finally, the most well-
documented potential barrier of sustained duration PL is limited time resources (Calvert, 2016; 
Darling-Hammond et al., 2017; Desimone & Garet, 2015; Jensen et al., 2016). Schools should 
evaluate and redesign school schedules to incorporate adequate time for sustained PL (Darling-
Hammond et al., 2017), which should permit time for teachers to meet and regularly collaborate 
with colleagues (Calvert, 2016; Jensen et al., 2016) Specifically, Desimone and Garet (2015) 
suggest 20 or more hours of contact time throughout the school year for ongoing PL activities to 





Summary of Professional Learning Literature  
Effective PL is critical to ultimately improve student learning outcomes (Darling-
Hammond et al., 2017; Desimone & Garet, 2015; Swan Dagen & Bean, 2014). Placing PL 
centrally in a system’s progress plan is a key component of high-performing systems (Jensen et 
al., 2017). PL evaluation is critical for informing continual improvement (Calvert, 2016; 
Learning Forward, 2011). The seven standards for professional learning (i.e., learning 
communities, leadership, resources, data, learning designs, implementation, and outcomes; 
Learning Forward, 2011) support Darling-Hammond and colleagues’ (2017) conceptual 
framework for effective PL. Thus far, this literature review synthesized PL literature into 
Darling-Hammond and colleagues’ conceptual framework, which consists of seven 
characteristics of effective PL: (a) focuses on content, (b) infuses active learning based on adult 
learning theory, (c) includes situated opportunities for collaboration, (d) incorporates models of 
effective practice, (e) uses coaching or support of experts, (f) provides opportunities for 
reflection and feedback, and (g) is maintained for a sustained duration. Raphael and colleagues 
(2014) apply Vygotsky’s (1978) sociocultural learning theory, in which individuals learn 
primarily with the help of others through social interactions in their zone of proximal 
development, to teacher learning through effective PL. This review of effective PL underpins 
potential points of intervention for improving AP teachers’ capacity to better prepare students for 
success in AP courses through potentially implementing: an AP professional learning 
community, PL designed to increase AP teachers’ implementation of project-based lessons, or 
PL designed to increase AP teachers’ implementation of retrieval practice learning and studying 





Professional Learning Community Intervention Literature 
PLCs provide opportunities for teachers to engage in situated collaboration through a 
supportive network (Darling-Hammond et al., 2017). A PLC is a group of educators available to 
support one another who share a vision and regularly meet to share expertise, learn with each 
other, and improve practices in an inquiry-driven environment (Hord, 1997). PLCs should 
maintain sustained duration over time, include a professional-learning leader (Darling-Hammond 
et al., 2017), and meet at least weekly (Jensen et al., 2016). PLCs provide a mechanism to ensure 
collaboration, promote continuous improvement (Learning Forward, 2011), and enhance teacher 
agency (Calvert, 2016; Raphael et al., 2014). A summary of the PLC literature reviewed is 
presented in Table 3.2.  
Table 3.2 
Professional Learning Community Literature Reviewed 
Topic Sources 
Characteristics of effective 
PLCs 
 
DuFour, 2007; Graham, 2007; Hattie, 2012; Hord, 1997; 
Levine, 2019 
PLCs have positive influences 
on teachers 
Gwinn & Watts-Taffe, 2017; Prenger, Poortman, & 
Handelzalts, 2019 
 
PLCs have positive influences 
on student learning 
 
Lomos, Hofman, & Bosker, 2011 
 
PLCs in AP contexts 
 
Flores & Gomez, 2011; Frumin et al., 2018 
AP teachers and principals recognized the importance of regular and meaningful 
collaboration among AP teachers in the needs assessment presented in Chapter 2; however, AP 
teachers described a lack of opportunities to collaborate with AP colleagues. Thus, an AP PLC 
could be a potential point of intervention for improving AP teachers’ capacity to better prepare 
students for success in AP courses. An AP PLC may afford AP teachers time and opportunity to 





student barriers, student strengths, student supports, and AP exam preparation strategies. 
Practical application of an intervention involving an AP PLC would require dedicated time and 
physical or technological recourses for AP teachers to meet and collaborate. A review of PLC 
intervention literature is synthesized next.  
Characteristics of effective PLCs have been described in the literature (Graham, 2007; 
Levine, 2019). From a review of PLC literature, Levine (2019) helpfully summarizes five 
suggestions to overcome typical obstacles to effective PLCs. First, PLCs should promote 
coherence and follow-though, instead of being episodic and infrequent. Second, PLCs should 
incorporate outside perspectives to avoid consistently reinforcing groupthink, which can occur 
by always meeting with the same colleagues. Third, PLCs should ensure equal participation from 
all participants to create deeper, lasting learning for participants. Fourth, PLCs should develop a 
culture in which participants can move past congeniality and offer respectful candor. Finally, 
PLCs should develop participants’ comfort with moving outside of the privacy and autonomy 
that many teachers have become accustomed to by offering frequent collaborative problem-
solving opportunities in the PLC (Levine, 2019). An empirical investigation to describe 
characteristics of effective PLC was conducted in a southeastern middle school in the 2004-2005 
school year (Graham, 2007). This mixed-methods case study used descriptive statistics of teacher 
surveys (n = 15) and interviews (n = 10) to describe how PLCs influenced teacher effectiveness. 
Teachers indicated increased levels of change in their knowledge, skills, and practice with the 
following characteristics of their PLC: (a) content focus, (b) active learning, and (c) coherence 
(Graham, 2007). These findings of effective PLCs are consistent with recommendations from 
effective professional learning literature (Darling-Hammond et al., 2017). Nonetheless, 





performance. Rather, the potential positive influence of PLCs is largely dependent upon 
educators’ collective capacity, commitment, and persistence (DuFour, 2007), and educators’ 
dedication to engage collaboratively, interpret evidence, critically reflect, and develop collective 
responsibility (Hattie, 2012).  
Investigations of interventions incorporating PLCs have indicated positive influences on 
teachers (Prenger, Poortman, & Handelzalts, 2019) and student learning (Gwinn & Watts-Taffe, 
2017; Lomos, Hofman, & Bosker, 2011). A mixed-methods investigation of 23 PLCs in the 
Netherlands, which included 276 teachers of various grade levels, indicated moderately positive 
effects on teachers’ knowledge, skills, attitudes, and applied practices (Prenger, et al., 2019). In a 
second example, a qualitative investigation of a PLC intervention that focused on vocabulary 
development for elementary school students in Minnesota better prepared 12 teachers to plan and 
deliver vocabulary instruction and was perceived by teachers to have positively influenced 
student outcomes (Gwinn & Watts-Taffe, 2017). Further, in a meta-analysis of five studies from 
1996 to 2005 that investigated the effect of PLCs on student learning in secondary schools, 
Lomos and colleagues (2011) used a random effects model to report a significant coefficient Z of 
.12 (p < .05) and a small but significant summary effect (d = .25, p < .05); thus, suggesting 
school-based PLCs can enhance student learning. Although these studies indicate the potential 
for PLCs to positively influence teachers and students, there is a dearth of PLC intervention 
literature specific to AP contexts, with the exceptions of two important investigations (Flores & 
Gomez, 2011; Frumin et al., 2018).  
A case study of an urban California school investigated student perceptions of substantial 
AP expansion efforts from 2008-2010 (Flores & Gomez, 2011). During this school’s push to 





teachers. The AP PLC provided opportunities for teachers to vertically team and align AP 
curricula within and across disciplines, in an effort to provide students with improved knowledge 
and skill backgrounds when they enroll in subsequent AP courses. This AP PLC also allowed for 
relatively experienced AP teachers to share best practices and to help train less experienced AP 
teachers on scaffolding techniques, whereby teachers used differentiated instruction so learners 
at all levels can engage with and learn rigorous content (Flores & Gomez, 2011). Similarly, an 
AP PLC may allow for less experienced AP teachers to learn in their ZPD (Vygotsky, 1978) 
from more experienced AP teachers. In addition to in-person PLCs, effective collaboration 
among AP teachers can occur online.  
 The AP Teacher Community (APTC) is an online AP PLC operated by the College Board  
that is available to all AP teachers nationally (Frumin et al., 2018). AP teachers use the APTC to 
discuss strategies, ask and answer questions, and share resources (Frumin et al., 2018). A mixed-
methods investigation of various types of PL available to AP teachers found the APTC was 
positively associated with teachers’ shifts in practice and gains in students’ AP exam scores 
(Frumin et al., 2018). Researchers used survey (N = 10,513) and case study (n = 34) data to 
investigate the effect of teacher engagement with the APTC by comparing the difference 
between the mean AP exam scores of the group of students whose teachers did participate in the 
APTC and the group of students whose teachers did not participate in the APTC. Among the five 
comparisons of AP science exams in 2014 and 2015, four mean differences resulted in 
statistically significant higher means for students whose teachers participated in the APTC (n = 
5,543) compared to students whose teachers did not participate in the APTC (n = 4,970), as 







Comparison of AP Exam Performance Between Students Whose Teachers did or did not 
Participate in the APTC 
Year Subject Mean differencea SE Significance 
2014 AP Biology 0.08 0.03     p < .05 
2014 AP Chemistry 0.09 0.03     p < .01 
2015 AP Biology 0.20 0.05    p < .001 
2015 AP Chemistry 0.07 0.04  ns 
2015 AP Physics 0.16 0.04   p < .001 
Note. Adapted from “Adapting to large scale changes in Advanced Placement Biology, 
Chemistry, and Physics: The impact of online teacher communities,” by Frumin et al., 2018, 
International Journal of Science Education, 40, p. 411. Copyright 2018 by Routledge.  
aMean difference = group of students whose AP teachers who did participate in the APTC minus 
group of students whose AP teachers who did not participate in the APTC 
 
Although Frumin and colleagues’ (2018) findings generally indicated a positive effect of 
the APTC on student AP exam performance, the study does not address the PL that was not 
experienced by 47% of the AP teachers surveyed who did not use the APTC. The needs 
assessment of the present study revealed several AP teachers perceived the APTC as impersonal, 
inconvenient, and overwhelming, which may influence AP teachers’ desire (or lack thereof) to 
participate in the APTC. Further, of the 53% of AP teachers who took advantage of the APTC 
for collaboration, 59% were identified as lurkers (i.e., participants who do not post; Frumin et al., 
2018). AP teachers who merely lurk on the APTC neither fully engage in active learning, 
participate in two-way collaboration, nor engage in dialogue with experts; all features that are 
critical components of effective PL (Darling-Hammond et al., 2017). Perhaps a school- or 
district-level AP PLC may offer AP teachers an opportunity to engage in content, curricular, and 
pedagogical learning in their ZPD with the help of others (Vygotsky, 1978). Such a local AP 





it could be based on teacher need and may help teachers develop a sense of shared responsibility 
that is important for PLCs (Hord, 1997).  
Summary of PLC Intervention Literature  
PLCs provide teachers with opportunities to collaborate with colleagues to improve 
teacher knowledge, skills, and practices, which should positively influence student outcomes 
(Darling-Hammond, 2017). Sustained, situated collaboration within a PLC framework may allow 
for AP teachers to regularly engage in active learning and dialogue with other AP teachers, 
promoting learning facilitated by others in each teacher’s ZPD (Vygotsky, 1978). The needs 
assessment indicated AP teachers and principals appreciated the need for collaboration, but also 
indicated an existing lack of opportunity for AP teacher to regularly collaborate—an AP PLC 
may be an intervention to address this perceived need. Two key studies (Flores & Gomez, 2011; 
Frumin et al., 2018) described successes and limitations to PLC interventions in AP contexts that 
may be useful to inform a potential AP PLC intervention in the context under investigation. A 
second field of intervention literature, project-based learning, will next be explored.  
Project-Based Learning Intervention Literature 
Teachers should be guided toward employing innovative classroom practices which 
enhance student learning (Fischer et al., 2018a). PBL is such an innovative instructional practice 
that may better prepare students for success in AP courses by offering a student-centered 
alternative to teacher-centered practices (Parker et al., 2013). The needs assessment presented in 
Chapter 2 indicated that although AP teachers recognize the value of student-centered lessons 
(e.g., PBL), some AP teachers do not feel they possess the capacity or opportunity to develop 
effective PBL lessons. Thus, PL for teachers designed to increase teachers’ effective 





improve teachers’ capacity to better prepare students for success in AP courses. In this PL 
focused on PBLs, AP teachers would be learning innovative, student-centered instructional 
strategies, facilitated by experts, in their zone of proximal development (Vygotsky, 1978). 
Practical application of an intervention involving PBL in AP courses would require teachers 
receive PL about how effective PBL is structured, how to infuse PBL into lessons, and sustained 
support in these areas. A review of literature involving PBL is summarized in Table 3.4 and is 
synthesized next.  
Table 3.4 
Project-Based Learning Literature Reviewed 
Topic Sources 
Framework for project-based 
learning 
 
Duke et al., 2016; Parker, 2018; Parker & Lo, 2016; Saye, 
2017 
Empirical studies using 
project-based learning in AP 
contexts 




implanting a project-based 
learning intervention 
 
Desimone & Garet, 2015; Fischer et al., 2018a; Fischer et al., 
2018b; Saye, 2017 
 Academic courses designed with projects as the focal point provide opportunities for 
adaptive, cyclical instruction (Parker, 2018). Following investigations of interventions in AP 
courses using PBL, Parker (2018) articulated five key design elements for successfully 
implementing PBL. First, students should be immersed into projects as soon as possible, and the 
projects should continue to be the focal point of lessons, functioning to teach core knowledge 
and skills. Second, core concepts or themes within a course should be identified and emphasized 
throughout the course. Third, curricular design that focuses on looping or spiraling content 





texts is mandatory, but due to the wide range of reading ability levels, various factors must be 
considered for successful learning from texts, including strategic text selection, purpose setting, 
text-task alignment, and using multiple resources. Finally, engagement in the project should 
come prior to students’ learning the essential content. These PBL design elements espoused by 
Parker result from analysis of several investigations of AP courses integrating PBL.  
 Inquiry-based lesson designs, such as PBL, have been integrated in AP courses and 
demonstrated positive influences on student outcomes (Parker et al., 2013). A mixed-methods, 
quasi-experimental investigation compared AP exam score outcomes for two similarly 
achieving, suburban high schools in the pacific northwest (Parker et al., 2013). Students’ AP 
United States government and politics exam scores from the school that used PBL instructional 
designs (n = 89, x̄ = 2.33) were higher (t[7] = 3.12, p = .018) than students’ AP exam scores for 
the other school, which employed traditional, teacher-centered instructional methods (n = 87, x̄ = 
2.03; Parker et al., 2013).  
 PBL course designs may better engage students in deeper, more meaningful learning 
(Duke et al., 2016; Parker & Lo, 2016) and enhance student motivation and engagement in 
learning (Saye, 2017). Although PBL and other inquiry-based lesson designs may have 
traditionally been employed in STEM disciplines, PBL has become increasingly common and 
successful in developing durable learning in other disciplines as well, which correspond to the 
broad disciplinary range of AP courses (Duke et al., 2016). Duke and colleagues (2016) helpfully 
present guidelines for developing PBL units for any curriculum: (a) identify needs or 
opportunities in the school or community, (b) determine the standards to address in the projects, 
(c) consider real-world skills and applications beyond the standards, (d) narrow the focus to an 





project the spine of the curriculum, and (g) incorporate pedagogical skills that would normally be 
applied to other lesson formats. Parker & Lo (2016) present a PBL curricular model for deeply 
engaging AP government students in weeks-long PBL cycles. The authors propose this model is 
more accessible than traditional lesson formats to the increasing volume of AP students, which is 
due to the AP expansion efforts that are de-tracking access to AP courses in many school 
systems. The authors place an emphasis on learning from text to enhance the rigor of cyclical 
project-based simulations. In addition to producing deep, meaningful learning, PBL may enhance 
student motivation for learning; the nature of inquiry-based investigations may require more 
investment from students than traditional lesson designs, which may positively contribute to 
student motivation to learn (Saye, 2017). Further, the real-world applications and connections 
that can be accessed through PBL may better motivate students to learn compared to the more 
abstract learning processes of traditional lesson designs (Saye, 2017). Despite this evidence that 
supports integration of PBL in AP courses, there are several caveats to consider.  
 Researchers have identified several considerations that must be acknowledged before 
implementing a PBL intervention (Desimone & Garet, 2015; Fischer et al., 2018a; Fischer et al., 
2018b; Saye, 2017). Overall, implementing inquiry lessons is challenging for teachers (Fisher et 
al., 2018a) and developing inquiry-based lessons places additional time, energy, and cognitive 
demands on teachers (Saye, 2017). The PL literature suggested changing procedural classroom 
behavior (e.g., adding retrieval practice opportunities to the end of lessons) is more immediately 
possible for teachers than changing to implementation of inquiry lessons (Desimone & Garet, 
2015). Further, teachers may not feel prepared to incorporate changes to instructional practices 
without substantial training or professional learning opportunities (Fisher et al., 2018a), which 





under investigation as some AP teachers did not perceive adequate instructional time, planning 
time, nor the capacity to effectively infuse PBL into AP courses. Similarly, teacher professional 
learning is needed to increase the enactment of inquiry-based practices in AP science courses 
(Fisher et al., 2018b). Therefore, administrators should allow teachers multiple years of 
implementation to refine and adapt to new innovative instructional designs (Fisher et al., 2018a). 
Finally, further research is necessary to determine if PBL is the most effective innovative 
instructional practice to increase student learning (Fischer et al., 2018b). 
Summary of PBL Intervention Literature 
Innovative teacher practices, such as inquiry-based lessons that feature PBL, have been 
shown to positively influence student outcomes in AP science (Fischer et al., 2018a) and AP 
social studies (Parker et al., 2013; Parker, 2018; Parker & Lo, 2016) contexts. Guidelines for 
developing effective PBLs have been put forth by Parker (2018) and Duke et al., (2016), which 
may guide an intervention that incorporates PBLs. Such an intervention would require PL for AP 
teachers to learn how to structure and implement PBLs in their courses. Developing and 
implementing inquiry-based lessons presents various challenges for AP teachers (Desimone & 
Garet, 2015; Fischer et al., 2018b; Saye, 2017), and influences on student outcomes may take 
multiple years to realize (Fischer et al., 2018a). A third field of intervention literature, retrieval 
practices strategies informed by SoL research, will be explored next.  
Science of Learning Intervention Literature 
The SoL field draws on research from a wide range of disciplines, including neurology, 
psychology, education, classical cognitive science, and philosophy, and is broader in scope than 
similar fields previously defined, such as mind, brain, and education, educational neuroscience, 





on translational research to directly influence classroom settings compared to these related fields. 
Major goals of SoL include determining principles of how people learn, aligning these learning 
principles with educational practice, developing new practices that incorporate these learning 
principles, and clarifying biological processes involved in learning (Horvath, Lodge, & Hattie, 
2017). A summary of the SoL literature reviewed is presented in Table 3.5 and is discussed next.  
Table 3.5 
Science of Learning Literature Reviewed 
Topic Sources 
Science of learning 
framework 
 
Horvath & Lodge, 2017; Horvath, Lodge, & Hattie, 2017 
Factors that influence how 
well students learn 
Bjork & Bjork, 2014; Garrett, 2015; Greer, 2017; Kang, 2017; 
Posner, Rothbart, and Rueda, 2014; Putnam, Nestojko, & 
Roediger, 2017; Roediger & Pyc, 2012; Yan, Clark, & Bjork, 
2017 
 
Retrieval practice enhances 
student learning 
 
Agarwal & Roediger, 2018; Bjork & Bjork, 2014; Karpicke & 
Blunt, 2011; Roediger & Butler, 2010; Roediger & Karpicke, 
2006 
 
Students commonly use 
relatively ineffective study 
strategies compared to 
retrieval practice 
 
Hartwig & Dunlosky, 2012; Karpicke, Butler, & Roediger, 
2009; Kornell & Bjork, 2007 
  
Retrieval practice has benefits 
on future recall of knowledge 
Experimental studies: Karpicke & Blunt, 2011; Pan, Gopal, & 
Rickard, 2015; Roediger et al., 2011; Roediger & Karpicke, 
2006 
Situated studies: Bobby & Meiyappan, 2018; Roediger et al., 
2011 
  
Retrieval practice benefits 
later transfer of knowledge 
Agarwal et al., 2012; Butler, 2010; McDaniel et al., 2013 
  
AP-specific benefits of 
retrieval practice 
Agarwal et al., 2014; Agarwal et al., 2017 
  
Retrieval practice 
instructional frameworks to 
inform teachers 





 The translation of SoL research to educational practice spans in scope from informing 
teachers and students of specific behaviors teachers and students should do to maximize learning 
potential (i.e., prescriptive translation) to helping teachers or students understand why certain 
behaviors maximize learning potential (i.e., conceptual translation; Horvath & Lodge, 2017). 
Some SoL researchers (see Busso & Pollack, 2015; Devonshire & Dommett, 2010) argue 
educators must be knowledgeable of neuroscience to employ SoL learning principles, but that 
expectation may be impractical for most educators, considering the limited resources for PL 
(Horvath & Lodge, 2017). Therefore, in-depth neurological knowledge is not necessary to 
positively influence educators’ practice using SoL principles; rather, through prescriptive 
translation, educators can focus on learning about and incorporating the SoL principles that may 
positively influence student learning outcomes (Horvath & Lodge, 2017). This section provides 
an overview of some factors and pedagogical strategies that influence how students learn, as 
informed by SoL research. Then, a detailed literature synthesis of one of those factors, retrieval 
practice strategies, will be presented.  
 Factors that influence how well students learn. SoL research has investigated several 
factors and related pedagogical strategies that influence how well students learn, including 
motivation, self-regulation, attention (Greer, 2017), and retrieval practice learning and studying 
strategies (Putnam et al., 2017; Yan et al., 2017). This section describes each of those factors, 
along with each factor’s appearance in schools, benefits, possible risks, and availability to 
observe in a classroom research setting.  
Motivation refers to the driving force that influences people to do things, and can be 
intrinsic (i.e., coming from within) or extrinsic (i.e., coming from an external source; Greer, 





grades, rewards for good performance), substantial research has suggested external rewards may 
sometimes decrease intrinsic motivation (Greer, 2017). However, some external rewards are 
appropriate to help motivate and encourage students, such as task-focused feedback (Greer, 
2017), which should be provided in a way to encourage a growth mindset (Dweck, 2006). For 
example, telling a student “You worked really hard on that” emphasizes the student’s effort, 
which encourages a growth mindset because the student perceives their effort enhances their 
capability to grow and develop (Dweck, 2006). Contrastingly, telling a student “You are really 
smart” emphasizes the student’s innate intelligence, which encourages a fixed mindset because 
the student perceives their intelligence and ability are not likely to change (Dweck, 2006). 
Further, motivation may be positively influenced by appropriate social interactions that schools 
and educators can foster (Greer, 2017). Although enhancing student motivation has been 
suggested by SoL research to positively influence student outcomes, motivation is a complex 
construct intertwined with other personal constructs, perhaps making enhancing student 
motivation difficult to influence through an intervention with teachers.  
 Self-regulation refers to the ability to control one’s impulses pertaining to monitoring 
one’s thoughts, emotions, and behavior (Posner, Rothbart, and Rueda, 2014). Students with high 
self-regulation skills are able to inhibit behaviors that are counterproductive to their plans or 
goals (Greer, 2017). Teachers can support students in developing self-regulation by providing 
opportunities for students to learn independently, which enhances autonomy in the classroom 
(Greer, 2017). Further, teachers can help students set clear goals and model metacognitive 
functions—being aware of one’s own thought processes as one learns is important to develop 
autonomy—to enhance students’ self-regulation abilities (Greer, 2017). Similar to motivation, 





increasing levels of self-regulation in students difficult to influence through an intervention with 
teachers.  
 Attention refers to a cognitive process in which the brain focuses on certain inputs to 
accommodate for limited attentional resources (Garrett, 2015). Attention is a critical component 
of learning and has been shown to contribute substantially to positive learning outcomes (Greer, 
2017). Teachers can utilize instructional practices that maximize student attention, such as 
establishing clear learning expectations, reducing distractions, providing students with choices 
about their learning to enhance interest, and offering opportunities for social interactions (Greer, 
2017). Similar to motivation and self-regulation, attention is a complex construct intertwined 
with other personal constructs, perhaps making enhancing attention in students difficult to 
influence through an intervention with teachers. Further, a PL intervention that focuses on 
students’ motivation, self-regulation, or attention may require teachers to make substantial 
changes to their practice, which may be difficult to achieve in a short-term intervention with 
teachers.   
  In contrast, a body of research (e.g., Agarwal & Roediger, 2018; Morano, 2019; 
Roediger & Butler, 2011; Roediger & Pyc, 2012) has identified retrieval practice learning and 
studying strategies that may positively influence student learning while requiring teachers to 
make relatively minor changes to their practice, in comparison to changing students’ personal 
characteristics (Putnam et al., 2017). Retrieval practice is the process of actively calling 
information to mind rather than rereading it (Roediger & Butler, 2011). Despite ample evidence 
suggesting retrieval practice improves long-term retention and later transfer of knowledge, many 
students are unaware of these strategies (Agarwal & Roediger, 2018) and their benefits on 





use retrieval practice strategies because the act of calling information to mind produces a 
perceptible level of difficulty (Karpicke, Blunt, & Roediger, 2009). This phenomenon is known 
as desirable difficulty, which refers to the presence of a considerable but manageable level of 
challenge while completing a task (Bjork & Bjork, 2014). Importantly, desirable difficulty 
enhances learning and performance, which indicates retrieval practice may positively influence 
student academic outcomes (Bjork & Bjork, 2014; Yan et al., 2017). Teachers can infuse 
retrieval practice strategies in their classes in various ways, including using low-stakes quizzes, 
asking students to recall what they know during class before students look up the content in a 
source (e.g., notes or book), and modeling for students how to study using high- or low-
technology flashcards instead of re-reading text (Putnam et al., 2017). Retrieval practice 
strategies can seamlessly incorporate complementary strategies, such as interleaving practice 
(e.g., mixing different kinds of examples or problems during practice; as opposed to massed 
practice which groups together problem types during practice), to further enhance student 
learning (Kang, 2017). Similarly, retrieval practice can seamlessly incorporate spacing practice 
over time; providing time to pass between practice may create a desirable difficulty for recall 
which enhances durable learning (Yan et al., 2017). Similarly, delaying feedback to students may 
permit some forgetting to occur; thereby, enhancing learning through incorporating a desirable 
level of difficulty (Yan et al., 2017). Collectively, retrieval practice learning and studying 
strategies—as well desirable difficulty, interleaving practice, spacing practice, and delaying 
feedback—have been shown to enhance durable learning and later transfer of knowledge 
(Horvath, Lodge, & Hattie, 2017).  
Teacher practices that may enhance certain constructs from SoL research (i.e., 





However, influencing teachers’ effective application of retrieval practice learning and studying 
strategies in their practice, along complementary strategies (e.g., spacing, interleaving, and 
including desirable difficulty and feedback), may be feasible through a PL intervention. It is 
important to preface the following retrieval practice literature review with a distinction between 
students’ performance and learning. That is, although a student may have performed well on a 
quiz because information is currently available in their mind, that does not necessarily indicate 
the student has learned the content (i.e., how well the information was encoded into memory and 
linked to existing knowledge; thereby, allowing for flexible future retrieval; Yan et al., 2017). 
Thus, the retrieval practice literature considered next describes how to enhance student learning 
beyond merely performing well on assessments shortly following instruction.  
Retrieval practice intervention literature. Substantial SoL research has focused on 
retrieval practice and complementary learning and studying strategies (Agarwal & Roediger, 
2018). Improving understandings of how teachers can optimally manage student learning—and 
how students can better self-regulate their own learning—have become increasingly important 
areas of education research (Bjork, Dunlosky, & Kornell, 2012). Retrieval practice is a learning 
and studying strategy that has been shown to positively influence durable learning (Agarwal & 
Roediger, 2018; Roediger & Butler, 2011). This literature review section will discuss nuanced 
strategies informed by SoL research related to the benefits of retrieval practice.  
 Retrieval practice enhances student learning. Retrieval practice can be overlapped with 
four complementary, powerful strategies for teaching and learning that have emerged from SoL 
research: feedback, spaced practice, interleaved practice, and desirable difficulty. Although this 
section of intervention literature will focus on retrieval practice, other powerful strategies are 





the benefits of those additional strategies. Feedback may facilitate learning by providing 
diagnostic information to students about what they do or do not know, as well as by influencing 
students’ metacognition (i.e., students’ understanding of their own learning; Agarwal & 
Roediger, 2018). Spacing learning opportunities over time, as opposed to massed practice, may 
enhance learning by allowing time for knowledge to be consolidated and refreshed. Interleaving 
practice (i.e., mixing of skills) may appear to initially slow learning progress, but over time, may 
lead to more durable learning by helping students develop relationships and distinctions between 
related concepts (Agarwal & Roediger, 2018). Finally, incorporating desirable difficulty in 
retrieval practice may enhance long-term retention, and can be accomplished by spacing and 
interleaving practice (Bjork & Bjork, 2014).  
Retrieval practice may help solidify and expand information by repeatedly pulling out 
information from stored memory, as opposed to rereading which attempts to cram in more 
information (Agarwal & Roediger, 2018). In this way, retrieval practice is cognitively performed 
by students when taking tests. Tests traditionally have been viewed in education as mechanisms 
of assessment; however, recent research has indicated that taking low-stakes tests intermittently 
enhances later performance on tests relative to rereading the material, a phenomenon known as 
the testing effect (Roediger & Butler, 2010). The method of low-stakes testing can range from 
informal studying alone to formal activities in a class, but commonly employs retrieval practice 
(Agarwal & Roediger, 2018). Thus, advancing students’ learning and studying strategies may 
occur through leveraging the understanding that retrieval not only can be used to measure 
knowledge, but also to produce learning (Karpicke & Blunt, 2011). This enhanced learning could 





SoL research focused on retrieval practice has occurred both experimentally in laboratory 
settings and in contextualized educational settings. Various studies have indicated college 
students most commonly use relatively ineffective study strategies (e.g., rereading, highlighting, 
and underlining) compared to more effective retrieval practice-based study strategies (Hartwig & 
Dunlosky, 2012; Karpicke, Butler, & Roediger, 2009; Kornell & Bjork, 2007). Similarly, the 
needs assessment presented in Chapter 2 revealed AP students in high school would benefit from 
instruction on how to optimize studying for later recall and transfer.  
The benefits of using retrieval practice to enhance learning, memory, recall, and transfer 
have emerged from SoL research in recent years (Agarwal & Roediger, 2018). Retrieval practice 
may offer optimization of students’ learning and studying time in and out of class (Roediger & 
Blunt, 2010; Roediger & Karpicke, 2006), which may offer an important opportunity for AP 
students. In the needs assessment, schools reported recently implementing efforts to increase 
supports of AP students (e.g., writing, note-taking, and organizational strategies); however, 
teachers reported concerns regarding the success of these efforts, none of which involved 
effective learning or studying strategies from the SoL literature (e.g., retrieval practice). Further, 
the needs assessment revealed AP teachers perceived students, in general, do not know how to 
study effectively. Thus, PL designed to improve AP teachers’ understanding and implementation 
of studying and learning strategies such as retrieval practice represents a potential point of 
intervention to improve teachers’ capacity to better prepare students for success in AP courses. 
In this potential intervention, AP teachers would receive PL from experts in teachers’ ZPD 
(Vygotsky, 1978) focused on optimal learning and studying strategies. Practical application of an 
intervention involving learning and studying strategies informed by SoL research would include 





retrieval practice into lessons, and how to instruct students on effective retrieval practice 
strategies when studying on their own. The various benefits of retrieval practice on student 
learning are synthesized in the following sections.  
 Retrieval practice benefits future recall of knowledge. Although interventions 
implementing retrieval practice situated specifically in AP contexts are not yet present in the 
literature, an abundance of recent studies have investigated effects of retrieval practice on student 
learning; several examples of important experimental (i.e., Karpicke & Blunt, 2011; Pan, Gopal, 
& Rickard, 2015; Roediger & Karpicke, 2006) and situated studies (i.e., Bobby & Meiyappan, 
2018; Roediger et al., 2011) will be presented in this section.  
 Pan and colleagues (2015) conducted a series of four experiments with college students 
to compare the influence of studying using rereading to the influence of studying using retrieval 
practice with feedback—in the form of fill-in-the-blank questions—on later recall of facts from 
AP history and AP biology content. Across all four experiments, the facts were approximately 11 
words long and included multiple who, what, when, where, or why components. Across the first 
three experiments, participants initially learned 36 facts and then either studied by rereading or 
studied by retrieval practice one time for each fact (except the biology facts in experiment two 
were studied twice); the final test was taken 48 hours after initial learning. In the first 
experiment, participants (N = 38) learned facts from AP world history and AP United States 
history and the final test consisted of fill-in-the-blank questions. The mean proportion of correct 
responses on the final test was 38% higher for the group that studied by retrieval practice 
compared to the group that studied by rereading (p < .05). In the second experiment, participants 
(N = 58) learned facts from AP biology and the final test consisted of fill-in-the-blank questions. 





studied by retrieval practice compared to the group that studied by rereading (p < .05). In the 
third experiment, participants (N = 52) learned facts from AP world history and AP United States 
history and the final test consisted of multiple-choice questions. The mean proportion of correct 
responses on the final test was 29% higher for the group that studied by retrieval practice 
compared to the group that studied by rereading (p < .05). In the fourth experiment, 54 facts were 
used, the final test was taken 24 hours after initial learning, and each fact was studied twice after 
initial learning. These procedural changes were made to accommodate the experimental variation 
of the final test including multiple critical terms per fact that participants attempted to recall. 
Participants (N = 45) learned facts from AP world history and AP United States history and the 
final test consisted of fill-in-the-blank questions. The mean proportion of correct responses on 
the final test was 41% higher for the group that studied by retrieval practice compared to the 
group that studied by rereading (p < .05). Collectively, these four experiments by Pan and 
colleagues suggest AP content may be better recalled following studying by retrieval practice 
compared to studying by rereading. 
One experimental study that examined retrieval practice included two experiments with 
college students aimed to determine if retrieval practice or elaborative studying with concept 
mapping produced more durable learning (Karpicke & Blunt, 2011). In the first experiment, 
groups of students (N = 80) either: (a) studied a text only once, (b) studied the text then reread in 
three additional study periods, (c) studied the text initially then created a concept map of the 
concepts as an elaborative study technique, or (d) studied the text initially then practiced retrieval 
multiple times. Although the study did not cite the analysis performed, the authors reported a 
partial eta squared, which is most likely the result of an ANOVA. On the final test one week 





studied with retrieval practiced scored, on average, higher on the final test (M = 67%) compared 
to students who studied with elaborative concept mapping (M = 45%), indicating approximately 
a 50% improvement of retention [d = 1.50, F1, 38 = 21.63, ղp
2 = 0.36]. Further, speaking to the 
notion that students have misconceptions about optimally effective study strategies, students 
predicted repeated rereading of the text would produce the best long-term learning and retrieval 
practice would produce the worst learning; however, the opposite was found in this study. In the 
second experiment, researchers used a within-subject design of college students (N = 120); each 
student created a concept map of one text and practiced retrieval for a second text. The retrieval 
practice advantage was large compared to concept mapping when the final test included short-
answer questions [d = 1.07, F1,59 = 68.54, ղp
2 = 0.54]. Similarly, the retrieval practice advantage 
was large compared to concept mapping even when the final test included concept mapping [d = 
1.01, F1,59 = 58.42, ղp
2 = 0.50]. Again, students demonstrated a misconception of effective study 
methods, as 75% of students predicted elaborative concept mapping would be equal or more 
effective than retrieval practice (Karpicke & Blunt, 2011).  
 A similar investigation combining two experiments of Washington University college 
students aimed to determine if retrieval practice via testing or repeated studying produced better 
retention of academic content (Roediger & Karpicke, 2006). In the first experiment, participants 
(N = 120) initially learned prose passages then engaged in study periods of either studying (i.e., 
rereading) the text again or being tested on it (without feedback). Students’ retention was 
measured after five minutes, two days, and seven days. Students who studied using repeated 
rereading scored higher, on average, on the test five minutes after initial learning (M = 81%), 
compared to students who studied using retrieval practice via testing (M = 75%; t[39] = 3.22, d = 





average, on the test two days after initial learning (M = 68%), compared to students who studied 
using rereading (M = 54%; t[39] = 6.97, d = 0.95). Similarly, students who studied using 
retrieval practice via testing scored higher, on average, on the test seven days after initial 
learning (M = 56%), compared to students who studied using rereading (M = 42%; t[39] = 6.41, 
d = 0.83). Thus, retrieval practice was shown to produce better retention compared to repeated 
studying using rereading on delayed tests that were two and seven days after initial learning.  
In Roediger and Karpicke’s (2006) second experiment, participants (N = 180) either: (a) 
studied a passage four times, (b) studied a passage three times and took one test, or (c) studied a 
passage one time and took three tests. Then, participants took a final test either five minutes or 
seven days after initial learning. Like the first experiment, on the test taken five minutes after 
initial learning, the students who studied four times scored higher, on average, on the final test 
(M = 83%) compared to the students who studied one time and took three tests (M = 71%; t[58] 
= 2.24, d = 1.22). The students who studied three times and took one test also scored higher, on 
average (M = 78%) compared to the students who studied one time and took three tests (M = 
71%; t[58] = 2.24, d = 0.59). However, on the test taken seven days after initial learning, the 
students who studied one time and took three tests scored higher, on average, on the final test (M 
= 61%) compared to the students who studied four times (M = 40%; t[58] = 4.78, d = 1.26). 
Similarly, the students who studied three times and took one test scored higher, on average, on 
the final test (M = 56%) compared to the students who studied four times (M = 40%; t[58] = 
3.21, d = 0.82). Even without feedback, students demonstrated better long-term retention from 
retrieval practice via testing than from repeated studying (Roediger & Karpicke, 2006). The 
benefits of retrieval practice are well established in experimental settings and have also been 





 An investigation of suburban sixth grade students (N = 142) aimed to determine if 
quizzing (i.e., a mechanism of retrieval practice) helped promote learning of social studies 
content (Roediger et al., 2011). Using a within-subjects design, students were given quizzes 
following lessons on only portions of the content (i.e., tested content); the teacher was blind to 
the tested and non-tested content. Student retention of tested versus non-tested content was 
measured at various intervals after initial learning, but the long-term retention measured by end-
of-semester exams may be most generalizable to an AP context. Analysis of variance indicated 
that the mean scores on content that had been previously tested (79%) was higher than the mean 
scores on content that had not been previously tested (67%; F[1,35] = 28.73, ղp
2 = 0.45).The 
following year in the same school, a second study was conducted with sixth grade social studies 
students (N = 132). Like the first study, the teacher was blind to what was tested and non-tested 
content using a within-subjects design; however, this intervention encouraged students to quiz 
themselves online using researcher-created questions during and after school as the mechanism 
of retrieval practice. Long-term retention, measured by end-of-semester exams, was greater for 
the mean scores on content that had been previously tested (74%) than for the mean scores on 
content that had not been previously tested (65%; F[1,65] = 16.58, ղp
2 = 0.20). Thus, teachers 
can use retrieval practice in class lessons and teachers can establish opportunities for students to 
practice retrieval online to promote durable learning on a months-long time scale in a classroom 
setting (Roediger et al., 2011). Intervention studies featuring retrieval practice in higher 
education settings have also been reported in the literature.   
 An investigation of first year Bachelor of Medicine – Bachelor of Surgery students (N = 
237) aimed to compare the effectiveness of a form of retrieval practice (i.e., open-book exam) on 





subjects design, students were given a pre-test on the content, then subjected to either an open-
book exam or self-study, both for one hour, followed by a closed-book posttest to determine 
relative gain in knowledge retained after one week. Paired t tests results were disaggregated into 
various categories of ability level and content topics and not presented succinctly overall; 
however, the overall mean gain in student scores for open book exam content was approximately 
double the mean gain in student scores for self-studied content. Additionally, students perceived 
the open-book exam method of retrieval practice as better than self-study in both providing a 
helpful structure to studying and reinforcing the concepts (Bobby & Meiyappan, 2018). Using an 
open-book exam strategy as a form of retrieval practice may be generalizable to AP contexts, as 
long as students are actively practicing retrieval and not simply looking up answers without 
effortful retrieval. Not only has retrieval practice been shown to improve retention, but retrieval 
practice also may positively influence transfer of knowledge.  
 Retrieval practice benefits later transfer of knowledge. One potential criticism of 
employing retrieval feedback could question if retrieval practice merely improves rote 
memorization by training people to produce fixed responses from a given cue (Roediger & 
Butler, 2011). In response to this concern, several studies (Agarwal et al., 2012; Butler, 2010; 
McDaniel et al., 2013) have found that retrieval practice not only enhances later recall of 
knowledge, but also that retrieval practice promotes the transfer of knowledge (i.e., the ability to 
solve a problem or generalize learning from one context to apply that learned information in a 
different way; Roediger & Butler, 2011).  
Demonstrating the effect of retrieval practice on transfer, McDaniel and colleagues 
(2013) conducted two experiments situated in the same suburban, middle-class, Midwestern, 





different question formats, and the second experiment assessed students’ ability to transfer 
understanding of concepts to a variety of contexts. The first experiment consisted of six classes 
of grade 7 science students (N = 142). The within-subjects design divided all course content 
topics into three different categories, to which the teacher was blinded: (a) content quizzed using 
definition-response questions (i.e., multiple choice questions with definition statements as 
answer choices), (b) content quizzed using term-response questions (i.e., multiple choice 
questions with single words as answer choices), and (c) content not quizzed. Students used 
clickers for three quizzes spaced over each of three units of study (M = 11 days); feedback was 
provided to students after each question. Performance (i.e., percent of questions answered 
correctly) of the analyzed sample (n = 61) for term-response unit exam questions was 82%, 82%, 
and 72% for term-response quizzed content, definition-response quizzed content, and non-
quizzed content, respectively. Performance for definition-response unit exam questions was 
79%, 82%, and 63% for term-response quizzed content, definition-response quizzed content, and 
non-quizzed content, respectively. ANOVA indicated performance on both term-response and 
definition-response unit exam questions was greater (p < .05) for both forms of quizzed content 
compared to non-quizzed content. Thus, quizzing enhanced performance for same-type and 
different-type questions, relative to no quizzing. Therefore, the authors asserted that spaced 
quizzing with feedback may improve flexible use of learned content on later exams and enable 
near transfer to different question formats about a concept, which may be an important skill for 
AP exams and course exams.  
 McDaniel and colleague’s (2013) second experiment consisted of grade 8 science 
students (N = 142) and sought to determine how quizzing influences performance on unit exam 





three different categories, to which the teacher was blind: (a) content quizzed with term-response 
questions, (b) content quizzed with application questions (i.e., multiple choice questions that 
required students to determine the principle or construct that was illustrated in a certain novel 
scenario), and (c) content not quizzed. Experimental design mirrored the first experiment, except 
only two units of study (M = 16 days) were analyzed. Performance of the analyzed sample (n = 
90) for term-response unit exam questions was 88%, 83%, and 75% for term-response quizzed 
content, application-quizzed content, and non-quizzed content, respectively. Performance for 
application unit exam questions was 78%, 82%, and 76% for term-response quizzed content, 
application-quizzed content, and non-quizzed content, respectively. ANOVA indicated 
performance on unit exam term-response questions was statistically higher (p < .05) for both 
term-quizzed and application-quizzed content, compared to non-quizzed content. However, 
performance on unit exam application questions was statistically higher for application-quizzed 
content, but not for term-response quizzed content, compared to non-quizzed content. Thus, the 
authors asserted spaced quizzes with feedback that used application questions were shown to be 
especially effective at producing learning that promoted flexible application to novel situations. 
This study suggested that intervention that incorporates retrieval practice should employ 
application questions, not only simple recall questions, to optimize the benefits of retrieval 
practice on AP exams and course exams. 
 A study that incorporated a series of four experiments involving four different groups of 
undergraduate psychology students (n = 48, n = 48, n = 24, n = 20) at Washington University in 
St. Louis sought to determine if repeated testing (i.e., one mechanism to enact retrieval practice) 
can promote transfer (Butler, 2010). In all four experiments, all students initially learned prose 





tested on the content. Students took the unit test seven days later. The level of transfer required 
varied among the four experiments, as the unit test questions included either: (a) the same 
questions as the practice tests, (b) new questions requiring transfer within the same knowledge 
domain (two of the experiments), or (c) new questions requiring transfer from different 
knowledge domains. Across the four experiments, analysis of variance indicated that 
performance on the unit test was greater (p < .05) for the students who used repeated testing 
compared to students who used repeated studying (Butler, 2010). These findings indicate 
repeated testing, as a form of retrieval practice, is effective in producing both retention and 
transfer of knowledge (Butler, 2010), both skills that are important for AP students.  
Additional AP-specific benefits of retrieval practice. Two investigations of interventions 
that employed retrieval practice strategies not yet discussed indicate possible benefits that may 
be particularly important for AP students (Agarwal et al., 2014; Agarwal et al., 2017). One study 
indicated retrieval practice may have a greater positive influence on students who have relatively 
lower working memory capacity (Agarwal et al., 2017) and a second study indicated retrieval 
practice may reduce test anxiety (Agarwal et al., 2014).  
An experimental investigation of 156 college students in 2008 (n = 104) and 2011 (n = 
52) used 110 general knowledge questions to examine the relationship between working memory 
capacity and the potency of retrieval practice with and without feedback (Agarwal et al., 2017). 
Participants completed an initial test on the general knowledge facts, then one group studied the 
facts, whereas the other group was tested on the facts (with or without feedback). Individual 
differences in working memory capacity, measured using the automatic operation span task (i.e., 
a technique that uses participants’ total number of letters recalled in the correct serial position to 





determined retention two days after initial learning of the facts and indicated no significant 
correlation for the retrieval practice group that did not receive feedback, r = -.02, t(37) = 0.09, p 
= .926; however, there was a significant negative correlation for the retrieval practice group that 
received feedback, r = -.42, t(37) = 2.79, p = .008. These findings indicated that retrieval practice 
with feedback had a differentially greater influence for students with relatively low working 
memory capacity (Agarwal et al., 2017), who may represent a considerable proportion of the 
growing AP student population as increasing numbers of students are recruited to AP courses 
from intermediate level classes. Thus, retrieval practice with feedback may offer enhanced 
learning opportunities to improve academic outcomes for AP students who have relatively low 
working memory capacity.  
 An investigation of middle school (n = 1,306) and high school (n = 102) students sought 
to understand if students experienced changes in test anxiety when retrieval practice strategies 
are applied in their classrooms (Agarwal et al., 2014). Students in this study were from a 
Midwestern suburban public school district who all participated in various retrieval practice 
studies from 2006 to 2013. Following each study, researchers asked students to complete a 
survey that included questions about self-reported anxiety, which served as the data source for 
this investigation. Overall, 72% of students found the retrieval practice interventions made them 
feel less nervous for unit tests, whereas 22% of students reported the same level of nervousness 
and 6% of students reported the retrieval practice intervention made them feel more nervous 
(Agarwal et al., 2014). These findings indicate retrieval practice strategies may decrease student 
test anxiety, which may be experienced by students taking high-stakes tests (e.g., AP exams). 
Therefore, implementation of retrieval practice strategies may improve outcomes for students on 





Retrieval practice instructional frameworks to inform AP teachers. Frameworks for 
applying contributions from SoL that inform effective learning and studying strategies have been 
proposed by several sources (Firth et al., 2018; Morano, 2019; Roediger & Pyc, 2012). This 
section discusses these frameworks that suggest instructional strategies and inform a potential 
intervention involving retrieval practice in an AP context.  
 Students often use study strategies that are less efficient than retrieval practice, such as 
rereading, highlighting, or underlining notes (Karpicke et al., 2009; Kornell & Bjork, 2007). 
Therefore, Roedgier and Pyc (2012) recommend a first step in enhancing students’ studying 
strategies is to inform teachers and students of strategies that have been repeatedly shown by 
research to optimize learning. Although teachers can implement effective learning and studying 
strategies in various formats in their classroom, Roediger and Pyc suggest incorporating the 
overarching principles of retrieval practice by implementing via self-testing and using 
meaningful distribution of practice (i.e., spacing and interleaving). Morano (2019) recommends 
offering students five to seven opportunities for retrieval practice for important content and 
gradually increasing the duration between retrieval practice sessions, because consistently short 
intervals may not support durable learning. A key benefit of implementing effective learning 
strategies in the classroom is the strategies may require little financial expense (Roediger & Pyc, 
2012).   
 Incorporating low-stakes quizzes for a class is one way of providing students with 
opportunities for retrieval practice, but there are several other instructional options to achieve the 
same goal: asking students verbal questions, promoting student self-questioning, writing notes 
from memory, using flashcards, writing essays, and group discussions (Firth et al., 2018). These 





Plickers) or with low technology tools (e.g., personal whiteboards or index cards; Morano, 
2019). In all these instructional activities, students must actively practice recall, not simply 
reread or re-expose themselves to material. Further, these activities (with the exception of 
writing essays) can easily provide students with feedback. Incorporating retrieval practice 
activities may not take away substantial instructional time nor be challenging for teachers to 
teach their students; further, retrieval practice activities may be likely to be used by students and 
may provide students with academic benefits (Firth et al., 2018).  
Summary of Science of Learning Intervention Literature  
SoL research focuses on understanding how people learn and aligning this understanding 
to educational practice (Horvath, Lodge, & Hattie, 2017). SoL literature offers ample evidence 
that employing retrieval practice provides opportunities to enhance students’ learning and 
retention of knowledge (Bobby & Meiyappan, 2018; Karpicke & Blunt, 2011; Roediger et al., 
2011; Roediger & Karpicke, 2006). Not only has retrieval practice been shown to increase 
retention, but also to facilitate transfer of stored information to novel applications (Agarwal et 
al., 2012; Butler, 2010; McDaniel et al., 2013). Although testing in education has a long history 
of being only associated with evaluation of student understanding, employing low-stakes testing 
as a mechanism of studying has been shown to positively influence students’ academic outcomes 
(Karpicke & Blunt, 2011; Roediger & Butler, 2010). Structuring instructional activities so that 
retrieval practice is spaced over time and interleaved by mixing various skills may further 
optimize the learning benefits of practicing retrieval (Agarwal & Roediger, 2018). Additionally, 
retrieval practice has been shown to have two specific benefits that may be especially important 
for a growing AP student population that is being recruited from intermediate-level courses: a 





al., 2017) and a reduction in students’ test anxiety (Agarwal et al., 2014). Frameworks for 
infusing retrieval practice strategies into instruction (Firth et al., 2018; Morano, 2019; Roediger 
& Pyc, 2012) have provided insights into ways a potential intervention incorporating retrieval 
practice may be structured. An intervention focused on retrieval practice could be productive PL 
for AP teachers as informed by PL literature (Darling-Hammond et al., 2017), as AP teachers 
would need to understand: (a) the benefits of retrieval practice, (b) how to implement retrieval 
practice in classes with fidelity, and (c) how to teach students to use retrieval practice when 
studying on their own.   
Summary of Intervention Literature 
 The needs assessment yielded three themes related to the problem of practice that may be 
actionable and that informed the literature synthesis; limited opportunities for AP teachers to 
collaborate with colleagues, AP teachers’ limited capacity to infuse inquiry-based lessons like 
PBLs, and AP teachers’ limited capacity to help students improve their learning and studying 
strategies. First, because all three themes involved PL, a literature review of effective PL was 
presented and guided by Darling-Hammond and colleagues (2017) framework. An intervention 
involving PL for AP teachers would likely involve AP teachers learning socially in their ZPD 
with the help of others, which made sociocultural learning theory (Vygotsky, 1978) a helpful 
framework to guide the literature synthesis.  
A literature review of interventions related to PLCs may help inform a potential AP PLC 
intervention as a mechanism of improving collaboration between AP teachers by providing a 
platform for active learning, dialogue, and sharing of best practices. A literature review of 
interventions related to PBL may help inform a potential intervention involving PL for AP 





literature focused on retrieval practice interventions may help inform a potential intervention 
involving PL for AP teacher to help improve AP teachers’ capacity to enhance their students’ 
learning and studying strategies. Due to the malleable nature of PLCs, it may be possible to 
incorporate retrieval practice strategies in an AP PLC framework to optimize the benefit for AP 
students in the proposed intervention, which will be discussed next.  
Overview of the Proposed Solution and Conclusions 
 Retrieval practice strategies that have emerged from SoL literature may have a substantial 
positive influence on AP student learning and outcomes. As previously discussed, many recent 
intervention studies in various contexts have indicated practicing retrieval improves students’ 
retention and ability to transfer knowledge. As described in through literature, practicing 
retrieval can occur in a variety of formats in the classroom and when studying outside of class. 
To implement an intervention involving retrieval practice strategies, AP teachers would need PL 
to understand the academic benefits of retrieval practice, how retrieval practice can be 
incorporated in instructional activities, and how to teach students to use retrieval practice when 
studying alone. This PL may be able to be effectively delivered through an AP PLC.  
 It may be possible to leverage existing PL time in the context under study to implement 
an AP PLC that includes a component focused on retrieval practice. The broad, flexible nature of 
a PLC may serve as a platform for AP teachers to collaborate, engage in active learning, learn 
about the benefits of retrieve practice, develop ready-to-use lesson components infusing retrieval 
practice strategies, and learn and share best practices for implementing retrieval practices in their 
AP classes. Infusing retrieval practice into lessons may be done with minimal loss of 
instructional time, as in some cases, existing instructional activities may only need to be 





based lessons, like PBLs, could require longer for teachers to learn and may require AP teachers 
to substantially change their curricula or pedagogical practices, perhaps leading to a longer 
implementation timetable and less fidelity to the intervention. Further, changing teachers’ 
procedural classroom behavior (e.g., integrating spaced, low-stakes quizzes) may be less 
complex for teachers than shifting to inquiry-based instructional techniques, such as PBLs 
(Desimone & Garet, 2015). For instance, incorporating retrieval practice in AP teachers’ lessons 
can be achieved by subtle modifications in their formative assessment techniques; whereas, 
PBLs may require substantial changes to AP teachers’ instructional approach, planning, and 
instruction.  
 It is important that PL be frequent and sustained (Darling-Hammond et al., 2017), so the 
AP PLC may meet weekly for 30 minutes for 12 weeks to first inform AP teachers of the 
benefits and mechanisms of retrieval practice, model classroom activities that infuse retrieval 
practice strategies, support teachers in implementing retrieval practice in their classes, and 
support teachers in helping students more effectively study on their own using retrieval practice 
strategies. A malleable AP PLC may also differentially support AP teachers in areas of specific 
needs, as well as delve deeper into effective learning and studying strategies that augment 
effective retrieval practice (i.e., spacing practice, interleaving practice, effectively providing 
feedback, and incorporating desirable difficulty; Agarwal & Roediger, 2018). A potential 
intervention of an AP PLC featuring retrieval practice strategies may offer AP teachers the 
support needed to scaffold AP students toward utilizing enhanced learning and studying 





Chapter 4: Intervention Procedure and Program Evaluation Methodology 
Advanced Placement (AP) expansion efforts since the 1990s have greatly increased 
participation in AP courses; thereby, extending rigorous, college-preparatory curricula and 
instruction to many students (College Board, 2014; Judson & Hobson, 2015; Parker et al., 2013; 
Rowland & Shircliffe, 2016). However, AP expansion has been associated with a broadening AP 
recruitment pool that includes students without experience in advanced academic courses, 
leading to many students facing disadvantages when they pursue AP courses (Kolluri, 2018) and 
leading to decreasing AP exam pass rates (Judson & Hobson, 2015). Whereas the needs 
assessment presented in Chapter 2 indicated AP teachers and principals believe exposure to AP 
courses better prepares students for college, documented studies demonstrated that students who 
merely participate in AP courses but are unsuccessful on AP exams are not conferred the same 
academic and non-academic benefits as their AP exam passing peers (Ackerman et al., 2013; 
Evans, 2019; McKillip & Rawls, 2013; Morgan & Klaric, 2007; Smith et al., 2017). AP teachers 
require enhanced supports to better prepare all of their AP students for success in the course and 
on AP exams. 
 The needs assessment presented in Chapter 2 examined changes in AP enrollment and 
AP exam scores from 2014 to 2017 in the large, diverse, county-wide district (see Table 2.1) 
using existing data and found AP enrollment increased more than expected over the study period, 
(X2 [1, N = 5,113] = 9.23, p = .0024); however, despite a decrease in AP exam scores during the 
three years, the change was not significant (X2 [1, N = 4,097] = 0.73, p = 0.39). Further, semi-
structured interviews with AP teachers (n = 5) and principals (n = 2) found participants 
perceived: (a) all AP students, including those without advanced academic backgrounds, could 





collaboration among AP teachers is critical but currently inadequate; and (c) AP teachers are 
differentially prepared to effectively instruct AP courses. AP teachers need improved supports to 
facilitate student learning and success in AP courses. 
An intervention was designed that addresses the salient factors uncovered in the literature 
review related to the problem of practice and addresses the findings from the needs assessment 
study, in order to facilitate AP teachers in preparing all students for success in AP courses. An 
AP professional learning community (PLC) intervention intended to provide AP teachers the 
opportunity to engage in collaborative learning with the support of colleagues; thereby, meeting 
individual teachers’ needs by supporting each teacher in their ZPD. The AP PLC focused on 
brain-targeted teaching and learning practices that would translate to better course and exam 
performance aimed to be relevant in most content areas. One important brain-targeted practice is 
retrieval practice, which is a strategy that increases test performance and durable learning by 
having students practice recalling information from memory, which is necessary in most content 
areas. Improving teachers’ knowledge and self-efficacy in retrieval practice strategies may 
increase teachers’ application of the strategies in their AP classes, which may positively 
influence student preparedness for AP coursework and student outcomes in AP courses. 
Encouraging students to use retrieval practice learning and studying strategies when studying on 
their own may further improve preparedness and outcomes for all AP students. Collectively, the 
AP PLC featuring retrieval practice learning and studying strategies aimed to provide AP 
teachers the supports needed to address the problem of practice and the salient findings of the 
needs assessment study.  
This chapter will first describe the research design of the intervention study—the 





Next, the methods of the study will be discussed, which includes a description of the participants 
and measures. Finally, the procedures of the study will be discussed, which include a description 
of the specific intervention components and data collection.  
Research Design 
This study employed a convergent parallel mixed-methods design, in which quantitative 
and qualitative data collection and analysis occur concurrently and independently prior to mixing 
the results (Creswell & Plano Clark, 2011). Convergent parallel design optimally targeted the 
goals of the research by obtaining different but complementary and potentially validating strands 
of data (Creswell & Plano Clark, 2011). Equal priority was given to both the quantitative and 
qualitative strands of this study. Although the sample size of the qualitative strand was less than 
the sample size of the quantitative strand, the participants for both strands were derived from the 
same target population. 
Logic models present a logical argument for a program by providing linkages between 
resources (i.e., inputs), activities, outputs, and outcomes (McLaughlin & Jordan, 1999). Inputs 
are required to implement the program, and may include time, human, financial, and other 
resources (McLaughlin & Jordan, 1999). As shown in the logic model, (Appendix G), the AP 
PLC required a 90-minute initial PL session and 12 weekly 30-minute sessions, all of which 
occurred using virtual videoconferencing sessions. The AP PLC required supportive partnerships 
with the principal and assistant principals, as well as AP teachers’ willingness to bring lessons to 
the sessions, where they collaboratively developed retrieval practice strategies.  
 The logic model identified the inputs that were required to support the activities (i.e., 
action steps needed to produce outputs) and outputs (i.e., products or services produced from the 





during the 13 AP PLC sessions, which scaffolded AP teachers as they worked toward the 
outcomes. The activities progressed toward several goals: (a) address possible misconceptions 
about effective learning and studying strategies, (b) provide compelling evidence that retrieval 
practice strategies enhance durable recall (e.g., Bobby & Meiyappan, 2018; Roediger et al., 
2011; Roediger & Karpicke, 2006) and later transfer of knowledge (e.g., Agarwal et al., 2012; 
Butler, 2010; McDaniel et al., 2013), (c) model basic and advanced classroom applications of 
retrieval practice, (d) model techniques to help students use retrieval practice when studying on 
their own, and (e) provide weekly collaboration with peers and the researcher using situated 
lessons to develop ready-to-use retrieval practice lesson components each week. All 28 AP 
teachers in Rathton High School (RHS; a pseudonym) were invited to volunteer to participate in 
the AP PLC that was designed to produce several outcomes.  
The logic model identified several assumptions for the AP PLC and external factors over 
which the researcher had limited control (see Appendix G). The assumptions included: (a) AP 
teachers will have a growth mindset (Dweck, 2006) and be willing to engage in the sessions, (b) 
AP teachers will incorporate retrieval practice strategies in their lessons, (c) AP teachers will be 
willing to self-report both the frequency of their use of retrieval practice strategies and the 
aggregated mean student scores from select unit exams in 2019 and 2020, (d) the time provided 
for the AP PLC is adequate to positively influence the intended outcomes, and (e) the mode of 
instruction (i.e., in-person) will remain consistent through the completion of the study. The 
external factors included: (a) other school initiatives may not align with the logistics of 
implementing the AP PLC as intended, (b) the frequency of AP PLC sessions may lead to 
attrition of participants, (c) the IRB may not approve all requested methods and procedures data, 





 The logic model identified the outcomes (i.e., changes that result from the outputs; 
McLaughlin & Jordan, 1999) of the AP PLC (Appendix G). The outcomes indicated in the 
theory of change (Figure 4.1; see Leviton & Lipsey, 2007) included improved AP teacher 
knowledge of retrieval practice strategies and AP teacher self-efficacy for using retrieval practice 
strategies. These outcomes may have increased AP teachers’ classroom application, modeling, 
and encouragement of retrieval practice strategies, which in turn may have enhanced AP 
students’ learning and studying methods, resulting in improved performance in AP courses. 
These outcomes may ultimately improve AP exams scores and yield associated benefits.  
 
Figure 4.1. Theory of change for the AP PLC resulting in outcomes 
Process Evaluation  
This section discusses the process evaluation plan for the AP PLC, which begins with a 
presentation of the process evaluation question, followed by a discussion of the three process 
evaluation components to be evaluated: program implementation, participant responsiveness, and 
dose. This section then presents a justification for establishing attention toward iterative 
improvements of the AP PLC throughout its implementation, followed by a description of the 





Research question 1. How did AP teachers describe their experience in the AP PLC? AP 
teacher experiences were measured by examining participants’ perceptions of the 
meaningfulness of the AP PLC and their engagement in the AP PLC? A survey with Likert scale 
and open-ended items were used to collect data on participants’ perceptions of these two 
constructs. The null hypothesis was that AP teachers’ perceptions would not change over the 
course of the AP PLC. The alternative hypothesis was that AP teachers’ perceptions would 
change over the course of the AP PLC.   
Process evaluation components. This section discusses three components of the process 
evaluation plan: the AP PLC implementation, the participant responsiveness to the AP PLC, and 
the delivered dose of the AP PCL.  
 AP PLC implementation. The program implementation component allows researchers to 
identify strengths and shortcomings in the implementation of the program, acquire feedback 
about the process, record the process, and judge the program (Stufflebeam, 2003). The acquired 
feedback may describe the extent to which the intended activities are carried out and where 
adjustments to the plan may be necessary (Zhang et al., 2011).  
To achieve effective program implementation (i.e., to be considered a school-wide AP 
program) the AP PLC should have at least 20 of the school’s 28 AP teachers participate in the 
program. Further, at least 85% of participants should engage with the content covered in all 13 
AP PLC sessions. Importantly, the new learning and collaborative time in the sessions should be 
perceived by participants as meaningful, in terms of strategies and practices that are applicable to 
teachers’ AP classrooms. A wide range of data may be used to inform iterative adjustments to 
improve the AP PLC implementation, including qualitative measures and rating scales, as 





collection matrix (Appendix H), both quantitative (i.e., Likert scale survey) and qualitative (i.e., 
open-ended survey questions; Appendix J) measures informed the AP PLC implementation by 
assessing participant perspectives of the meaningfulness of the AP PLC. The topics covered in 
the sessions were described in the activity outputs of the logic model (Appendix G) and AP 
teacher participation was presented in the participation outputs of the logic model. The outcomes 
shown in the logic model should be realized if teachers described the new learning and 
collaboration in the AP PLC as meaningful.  
Participant responsiveness. The participant responsiveness component determines to 
what extent participants engaged with the activities and content of the program (Dusenbury, 
Brannigan, Falco, & Hansen, 2003). Teachers needed to be engaged and attentive in learning the 
new content in each session of the AP PLC so they could apply that new learning to 
collaboratively developed, ready-to-use lesson elements that incorporated retrieval practice 
strategies. Measuring participant responsiveness informed the evaluation of the AP PLC by 
indicating the level of active engagement beyond attendance.  
AP teachers’ level of engagement was measured qualitatively and quantitively, as shown 
in the data collection matrix (Appendix H). Qualitative measures included open-ended survey 
questions (Appendix I) and document analysis of products of the AP PLC (Appendix P), such as 
lesson elements that incorporate retrieval practice strategies. Analysis should suggest that AP 
teachers effectively develop lesson elements that incorporate retrieval practice and describe 
being actively engaged during the AP PLC. The quantitative measure was a researcher-created, 
Likert scale survey addressing the indicator of AP teachers’ level of engagement in the AP PLC, 





shown in the logic model should be realized if the AP PLC effectively engaged AP teachers in 
cooperatively developing lesson components that incorporate retrieval practice. 
Dose. The dose component describes the amount of an intervention that participants 
receive, which can be measured in terms of the number of sessions completed and the duration of 
the sessions (Dusenbury et al., 2003). Measuring the dose importantly identifies how much of the 
intervention was implemented to achieve the desired outcomes, or if the delivered dose was not 
enough to achieve the desired outcomes (Dusenbury et al., 2003).  
In this study, AP PLC sessions was offered weekly for 13 consecutive weeks at the 
beginning of the school year. The number of sessions a teacher attended was recorded as a 
quantitative measure of dosage. The student researcher self-reported the number of sessions 
conducted, the duration of each session, and the attendance of each participant, as suggested by 
Dusenbury and colleagues (2003). Complete dose included attendance at the 90-minute initial 
session, followed by 12 30-minute sessions; between 10 to 20 minutes of each phase (i.e., new 
learning and collaboration) were required for all 30-minute sessions. Attendance for the sessions 
should be, on average, at least 85%. Aspects of the dose component are presented in the inputs 
and activity outputs in the logic model (Appendix G). The outcomes shown in the logic model 
should be realized if the AP PLC delivered the above specified dose. 
Improvement science. The improvement science paradigm provides a framework for 
educational program providers to quickly learn and continually improve the implementation of 
programs (Bryk et al., 2015). Improvement science employs plan-do-study-act (PDSA) cycles 
that allow for adjustments to iteratively improve educational programs (Lewis, 2015).  
The process evaluation of the AP PLC addressed all parts of the PDSA cycle. Planning 





alignment between the evaluation questions and the planned outputs of the AP PLC. Doing the 
AP PLC was addressed by carefully implementing intervention components and measuring 
indicators, as described below. Studying the AP PLC was addressed by directly evaluating the 
program during and after implementation. Acting upon the AP PLC was addressed by using 
findings from the process evaluation to influence improvements throughout the duration of the 
program, which may also serve to inform future renditions of the program, as suggested by 
Stufflebeam (2003).  
Formative examination of the process evaluation components informed iterative 
improvements of the AP PLC. As shown in the data collection matrix (Appendix H), data for the 
program implementation and participant responsiveness components were collected three times 
during the AP PLC (i.e., after weeks 4, 8, and 13 of the program). Further, a measurement of 
participant responsiveness (i.e., document analysis of lesson elements) and attendance of 
participants at the AP PLC sessions were gathered weekly. The regular interaction with 
participants provided opportunities for the researcher to collect program evaluation data, which 
indicated whether adjustments to the program were necessary (see Zhang et al., 2011). The data 
collected at these intervals informed the researcher: (a) if the AP PLC was being implementing 
meaningfully, (b) how well AP teachers were engaging in the AP PLC to collaboratively develop 
outputs, and (c) if the dose was being delivered as intended. If formative analysis of the program 
implementation component data after week four or eight suggested that teachers described the 
AP PLC as not meaningfully delivered, then adjustments could have been made to improve the 
AP PLC’s meaningfulness (e.g., presented more compelling evidence that supports retrieval 
practice strategies). Similarly, if formative analysis of the participant responsiveness component 





developing intended outputs, then adjustments could have been made to more actively engage 
participants (e.g., enhanced the modeling of strategies). Finally, if analysis of the dose of the AP 
PLC indicated the program was delivered less frequently or for less duration than intended—or if 
participant attendance was lower than expected—then additional inputs would have been 
acquired to improve the dose delivered (e.g., time for additional sessions).  
Process evaluation indicators. This section discusses the two indicators that were used 
to answer the research question, which seeks to understand participants’ experiences with the AP 
PLC. The two indicators were AP teachers’ perceptions of the meaningfulness of the AP PLC 
and AP teachers’ level of engagement in the AP PLC.  
AP teachers’ perceptions of the meaningfulness of the AP PLC. The first indicator, AP 
teachers’ perceptions of the meaningfulness of the AP PLC, aligned with the program 
implementation component and aimed to measure whether the AP PLC was being implemented 
as intended. Participants’ feedback was analyzed to determine if the new learning in the AP PLC 
meaningfully provided AP teachers with knowledge, skills, and collaborative resources to 
implement retrieval practice in their lessons.  
The data source was all 22 AP teacher participants, who completed a Likert scale survey 
(Appendix I) to rate specific components of the AP PLC. The student researcher administered 
the same survey three times—after weeks 4, 8, and 13 of the 13-week the AP PLC program—to 
inform potential adjustments that may have iteratively improved implementation. Qualitative 
data were also collected on this survey, which included open-ended questions informed by the 
indicator. AP teachers’ perception of the meaningfulness of the AP PLC aligned with the 





(Appendix G). The outcomes represented in the logic model should be realized if AP teachers 
described the activities and outputs of the AP PLC as meaningful.  
AP teachers’ level of engagement in the AP PLC. The second indicator, AP teachers’ 
level of engagement in the AP PLC, aligned with the participant responsiveness component. This 
indicator aimed to measure AP teacher engagement in the AP PLC through survey items and 
through evidence that teachers developed lesson elements that incorporated retrieval practice 
strategies. This indictor importantly gauged if the AP PLC effectively engaged teachers in the 
new learning and collaborative activities that supported AP teachers to develop retrieval practice 
strategies infused into their lesson plans. AP teachers’ level of engagement in the AP PLC was 
observed from all 22 AP teacher participants.  
Three data collection tools were used by the student researcher three times during the AP 
PLC; after weeks 4, 8, and 13 to support iterative improvements of future iterations of the AP 
PLC. A Likert scale survey gathered ratings of teacher engagement in the AP PLC through 11 
items. Qualitative data were collected from open-ended survey questions targeting AP teacher 
engagement in the AP PLC. The document analysis was conducted by the student researcher by 
gathering outputs (e.g., lesson elements developed that incorporate retrieval practice) from one 
participant weekly. Document analysis of participants’ lesson elements that featured retrieval 
practice informed evaluation of AP teacher engagement in the AP PLC; if teachers were actively 
engaged in the AP PLC, then they should have developed lesson components that effectively 
incorporated retrieval practice strategies. The outcomes represented in the logic model 






Outcome Evaluation  
This section presents the design for examining the proximal outcomes of the AP PLC, 
which is presented in the data collection matrix (Appendix H). This section presents the outcome 
evaluation research questions, then discusses the mixed methods research design, the strengths 
and limitations of the design, and the implications for making adjustments to iteratively improve 
the AP PLC.  
Research questions for the outcome evaluation. This section presents four research 
questions which were used to evaluate the outcomes of the AP PLC. This section also presents 
the measurement for each research question, along with a null and an alternative hypothesis for 
each research question.  
Research question 2. To what extent did AP teachers’ knowledge and self-efficacy of 
retrieval practice strategies increase in response to the AP PLC compared to a control group? 
Participants’ knowledge and self-efficacy of retrieval practice strategies were measured pre- and 
post- the AP PLC by a Likert scale survey. Additionally, interviews conducted after the AP PLC 
further informed how participants’ knowledge and self-efficacy increased in response to the AP 
PLC. The null hypothesis was that AP teachers’ knowledge and self-efficacy of retrieval practice 
strategies would not change in response to the AP PLC. The alternative hypothesis was that AP 
teachers’ knowledge and self-efficacy of retrieval practice strategies would increase in response 
to the AP PLC. 
Research question 3. To what extent did AP teachers increase their use of retrieval 
practice strategies in their AP classes as a result of the AP PLC? AP teachers’ use of retrieval 
practice strategies was measured weekly by a one-item survey inquiring about the frequency of 





was that AP teachers would demonstrate the same or decreased frequency of using retrieval 
practice strategies as the AP PLC progresses. The alternative hypothesis was that AP teachers 
would demonstrate increased frequency of using retrieval practice strategies as the AP PLC 
progresses.  
Research question 4. What were AP teachers’ perceptions of how well students were 
prepared for success in AP courses after the AP PLC compared to a control group? Student 
preparedness for success in AP courses was measured by AP teachers’ perceptions that were 
reported pre- and post- the AP PLC by a survey. Additionally, interviews conducted after the AP 
PLC provided further insight into teachers’ perceptions of how the AP PLC influenced student 
preparedness for AP coursework. The null hypothesis was that AP teachers would perceive the 
same or decreased student preparedness for AP coursework after the AP PLC. The alternative 
hypothesis was that AP teachers would perceive that students are better prepared for AP 
coursework after the AP PLC. 
Research question 5. What was the difference between AP students’ unit test scores 
before and after their teachers participated in the AP PLC compared to a control group? AP 
students’ deidentified aggregated mean scores from select unit exams from December 2019 and 
September 2019 (i.e., both pre-intervention) and from December 2020 (i.e., post-intervention) 
were reported by AP teachers. The null hypothesis was that there was no difference between 
either pre-intervention aggregated mean unit exam scores and the post-intervention mean. The 
alternative hypothesis was that the post-intervention aggregated mean unit exam scores would be 
greater than either of the pre-intervention aggregated mean unit exam scores.  
Outcome evaluation design. Three main philosophical paradigms underpin social 





2004). The post-positivism paradigm is based on empiricism and has been traditionally 
associated with quantitative research (Mertens, 2018). In contrast, the constructivism paradigm is 
based on the notion that there is not one reality in the world to be discovered and measured; 
rather, reality is socially constructed differently by individuals and has been traditionally 
associated with qualitative research (Mertens, 2018). The pragmatism paradigm rejects the 
traditional dualism between post-positivism and constructivism and promotes a mixed methods 
research design—which includes both quantitative and qualitative strands—when both strands 
would best address the research purpose and answer the research question (Johnson & 
Onwuegbuzie, 2004). In this way, mixed methods research can use quantitative data to describe 
and explain what phenomena are occurring and can use qualitative data to explore—through 
thick, rich descriptions—why the observed phenomena may be occurring (Johnson & 
Onwuegbuzie, 2004). In the current mixed methods study evaluating the AP PLC intervention 
outcomes, the quantitative analysis measured, described, and explained the outcomes (see 
Appendix G) and the qualitative analysis provided a detailed description, through participants’ 
voices, of why the observed outcomes may have occurred.  
 This study employed a convergent parallel mixed methods design, in which the 
quantitative and qualitative data were collected and analyzed concurrently and separately; then, 
the results were mixed during interpretation (see Creswell & Plano Clark, 2018). This 
convergent parallel design optimally targeted the goals of the research by obtaining different but 
complementary and validating strands of data (Creswell & Plano Clark, 2018). Additionally, this 
design was suitable for this study because it allowed the student researcher to gather different 
data concurrently, which accommodated the limited time available for collecting data. Further, 





could be made from the quantitative findings; thus, corroboration through thematic coding 
analysis of qualitative data triangulated the quantitative findings. This study employed a quasi-
experimental design, which included a pre-test, a post-test, and a control group, but differed from 
a randomized control trial in that the sample selection and group assignments were not random 
(see Shadish et al., 2002). Specifically, the use of an untreated control group with dependent pre-
test and post-test samples is called a nonequivalent comparison group design (Shadish et al., 
2002). The control group permitted the measurement of impact the AP PLC had on the amount 
of the change observed in the outcomes that could be attributed to the AP PLC. 
 The study used purposive sampling, which is intentional selection of participants who 
possess a key trait or concept (Creswell & Plano Clark, 2018). Inclusion criteria for participants 
in the treatment group included full-time, certified AP teachers at the school that received the AP 
PLC. The qualitative sample of the treatment group was a subset of all the participants from the 
treatment group. The control group included AP teachers from a second school who conducted 
business as usual. In this QUAN + QUAL design (Creswell & Plano Clark, 2018), both the 
quantitative and qualitative strands were of equal status (i.e., both strands added insights to most 
or all research questions; Johnson, Onwuegbuzie, & Turner, 2007) because both quantitative and 
qualitative data (see data collection matrix; Appendix H) were used to describe and explore most 
of the research questions. The descriptive and inferential statistical analyses demonstrated the 
outcomes measured as possible changes in response to the AP PLC. Thematic coding of 
interview data corroborated the quantitative findings and supported descriptive explanations of 
how and why some quantitatively measured differences or changes occurred.  
Additional data collected in this study included AP teachers’ years of experience teaching 





may have benefited less from the AP PLC than less experienced teachers, as their experience 
may have already provided them with knowledge and self-efficacy of retrieval practice 
strategies. Further, more experienced teachers may have more developed curricula compared to 
less experienced teachers, perhaps limiting the value of the collaborative component of the AP 
PLC for relatively experienced teachers. Contrastingly, more experienced teachers may have 
benefited more from the AP PLC if they have greater capacity to try new instructional techniques 
than less experienced teachers.  
Strengths and limitations of the design. Four strengths of mixed methods research are 
presented in Table 4.1. Two specific strengths of the convergent parallel mixed method design 
are that the design is both intuitive for novice researchers, and it is efficient in regard to 







Strengths of Mixed Method Design   
Strength Source 
Provides more dynamic evidence for answering a research 
question than do either quantitative or qualitative alone 
 
Creswell & Plano Clark, 2018 
Provides the opportunity to draw from the strengths of both 
quantitative and qualitative methods while minimizing the 
weaknesses of both methods by combining both methods 
into one study 
Johnson & Onwuegbuzie, 2004 
 
Allows for reporting statistical findings from the 
quantitative strand that can be enriched and elaborated 
upon by participants’ voice through the qualitative strand 
 
Creswell & Plano Clark, 2018 
 
Quantitative findings may allow for generalizations to a 
population; whereas, the qualitative observations may 
allow for an in-depth understanding 
 
Creswell & Plano Clark, 2018 
 
 A limitation to mixed method research is that the required time and resources may exceed 
those needed to employ quantitative or qualitative methods alone (Creswell & Plano Clark, 
2018); thus, the AP PLC was meticulously planned and efficiently completed to reserve adequate 
time for data analysis and interpretation. Three limitations specific to convergent parallel design 
are presented in Table 4.2, along with suggestions for how to minimize the limitations. 
Collectively, the strengths of employing a convergent parallel mixed method design for this 







Limitations to the Convergent Parallel Mixed Method Design and Considerations to Mitigate the 
Limitations 
Limitation Considerations to mitigate the limitation 
The need to consider the consequences of 
different samples sizes for the quantitative 
data and qualitative data 
The different sample sizes may not be a problem 
because the purpose of using both strands is to 
synthesize a complementary picture of the 
outcomes 
 
The potential need to explain divergent 
data between the two strands if 
contradictions between the strands’ data 
exists 
 
If contradictions occur, that may lead to equally 
important findings and implications 
The need to merge text-based data and 
numerical data—and associated results 
and implications—in a meaningful way 
Resources (e.g., Creswell & Plano Clark, 2018) 
offer guidance for addressing this concern by 
using tools such as joint displays representing 
integration 
Note. Adapted from Creswell and Plano Clark (2018). 
 A quasi-experimental design choice was compelling as it facilitated the potential for 
causal inferences, particularly compared to a nonexperimental design (see Shadish et al., 2002). 
The nonexperimental design was considered for this study. However, although a 
nonexperimental study could possibly support causal inferences, the control group in a quasi-
experimental study offered a point of comparison for observed changes and reduced the 
likelihood of confounding variables being muddled with the intervention, which increased 
opportunities for causal inferences (see Shadish et al., 2002). An experimental design was also 
considered for this study; however, two concerns emerged. Randomized sampling within the 
population of AP teachers in the context under study would have resulted in smaller treatment 
and control groups of maximally 14 teachers per group. Additionally, due to the student 
researcher’s employment in the school, relationships with teachers may have been compromised 





quasi-experimental parallel convergent mixed method design was selected for the evaluation of 
the outcomes of the AP PLC. 
 The evaluation of the intervention provided insights about whether the AP PLC was 
correlated with changes observed in the outcomes. However, where correlations were observed, 
it may not have been possible to rule out other variables that may have influenced the outcomes 
(see Shadish et al., 2002). To make causal inferences about the AP PLC on the measured 
outcomes, it was important to identify and account for confounding variables, identify potential 
effects of these variables on the outcomes, and mitigate threats to the validity of inferences (see 
Shadish et al., 2002). Three threats to the validity of inferences for mixed methods research 
discussed by Creswell and Plano Clark (2018) that had implications for the evaluation of the AP 
PLC are presented in Table 4.3, along with considerations to minimize the threats.  
Table 4.3 
Threats to the Validity of Inferences for Mixed Methods Design and Considerations to Minimize 
the Threats   
Threat to validity of inferences Considerations to minimize the threat 
Not using parallel constructs in the 
quantitative and qualitative data collection 
Developing parallel research questions 
 
Keeping quantitative and qualitative results 
separate 
 
Using a convergent data integration strategy 
and weaving the results through narrative 
 
Not resolving disconfirming results may 
pose a threat to validity 
 
Using new analyses or other strategies to 
understand disconfirming results 
Note. Adapted from Creswell and Plano Clark (2018). 
 Four threats to the validity of inferences for quasi-experimental studies are discussed by 
Shadish and colleagues (2002) that had implications for the evaluation of the AP PLC. These 
four threats to validity, along with definitions, considerations to mitigate the threats, and specific 






Table 4.4  




Definition of the 
threat to validity 
Considerations to 
mitigate the threat 
Applications to the AP PLC  
Selection 
bias 




Comparison of the pre-
tests between the two 
groups  
 
Matching for certain 
characteristics between 
the treatment and 
control groups 
Compare pre-tests of treatment and 
control group using independent 
samples t-tests 
 
Breadth of the schools’ AP 
Programs (i.e., how many AP 
courses are offered) and the schools’ 
report cards and academic rankings 





that local events 
that occur between 
the pre- and post-
test affect one 
group more than 
the other 
The student-researcher 
should maintain a log 
of any events that occur 
in either context that 
may influence the 
results of the study 
Other professional development 
experienced at either the control or 
treatment school may influence the 







them to drop out 
of the study 
differentially more 







establishing norms and 
expectations, and 
ensuring the 
intervention is relevant 
for teacher needs 
AP teachers from the treatment 
group—who are subjected to higher 
demands than the control group 
through their participation in the AP 
PLC—may be more likely to drop 
out of the study. If AP teachers have 
certain characteristics, such as low 
motivation, then they may be more 
like to drop out of the study; 
thereby, leaving the treatment group 
with disproportionally more highly 
motivated teachers than the control 
group 
Maturation Changes that 
occur within the 
participants over 
time 
The use of the control 
group may decrease the 
threat of maturation 
influencing the change 
measured in the 
outcomes, as both 
groups may mature 
similarly during the AP 
PLC 
Comparing the change in outcomes 
measured from the treatment group 
to the control group may help 
determine the amount of change in 
the treatment group that was due to 
the AP PLC, not maturation 





 An a priori power analysis was performed using an alpha level of .05, a power level of 
.80, and an estimated effect size of 0.5, as informed from similar studies in the literature (e.g., 
JohnBull, Hardiman, & Rinne, 2013). The required sample size for an ANOVA with these 
parameters is 40 participants. The sample size for the study was 35 participants; therefore, 
analysis of qualitative data further helped examine the outcomes related to the research 
questions.  
Improvement science. The outcome evaluation of the AP PLC primarily addressed the 
study part of the PDSA cycle. The planning of the AP PLC occurred from the Spring of 2020 
through implementation. The doing of the AP PLC occurred from September 9, 2020 to 
December 16, 2020. The studying of the AP PLC was the part of the PDSA cycle that most 
aligned with the outcome evaluation. Following completion of the AP PLC, the outcomes 
measured shown in the logic model (Appendix G) were studied to gain an understanding of the 
effectiveness of the AP PLC in influencing the outcomes. The acting stage of the PDSA cycle 
may use the evaluation of the AP PLC to inform future renditions of the AP PLC. Based on 
evaluating the outcomes of the AP PLC, a similar intervention may be considered in other 
schools in the district, with non-AP teachers in the same school, or in other districts with similar 
student populations.  
Potential future interventions may incorporate understandings gained from the outcome 
evaluation of the AP PLC; thereby, continuing future PDSA cycles. For example, if AP teachers 
did not increase knowledge of retrieval practice strategies in response to the AP PLC, future 
renditions of this intervention may increase the time resources devoted to new learning of the 
strategies and infuse more opportunities for active learning—as informed by best practices in 





Additionally, if AP teachers did not increase self-efficacy of using retrieval practice strategies in 
their courses in response to the AP PLC, future renditions of this intervention may increase 
modeling of the strategies and coaching for participants to increase their self-efficacy of using 
the strategies. Maintaining a focus on future renditions of the AP PLC aligns with this suggestion 
from Christie, Inkelas, & Lemire (2017): improvement science may help to move away from the 
“adopt, attack, abandon” (p. 76) motif that has become too common among educational 
interventions and move towards an “adopt, adapt, and accomplish” (p. 76) motif that embraces 
improvement science principles for sustained enhancement of educational programs. 
Method 
This section describes the methodology for the AP PLC implementation and evaluation, 
which includes descriptions of the participants and instrumentation.  
Participants 
The participant population in the treatment group were certified teachers at RHS, a 
suburban/rural school in a Mideastern state. The participant population in the control group were 
certified teachers at a similarly matched high school (i.e., School E from the needs assessment 
presented in Chapter 2) in the district, who conducted business as usual. The matching criteria 













Number of AP 
courses offered 
Percent of students who 
received free or 
reduced meals in 2019 
Control School  
– School E 












aAccording to the state department of education publicly available school report card 
All participants held a valid secondary education teaching certificate and were to teach at 
least one AP course during the 2020-2021 academic year. Inclusion criteria also required that 
participants were full-time faculty and were general education teachers (i.e., do not only hold a 
special education certificate). Participants included both males and females and represented a 
wide range of teaching experience. Recruitment occurred through an email sent to the 
participants’ publicly available school email address. A standard script was sent to all eligible 
individuals (Appendix J). Exclusion criteria comprised individuals working in the school setting 
who do not hold a current and valid secondary teaching certificate, certified teachers who do not 
teach at least one AP course during the 2020-2021 academic year, and certified teachers who 
teach outside of RHS or the control school. The sampling procedure was purposive and included 
all AP teachers at RHS and the control school who volunteered to participate. Participants were 
deidentified by self-selecting code words entered in all instruments that represented each 
participant’s pet name and first house number. Appropriate cautions and safeguards were 
implemented to ensure the privacy and protections of all participants.   
Demographic data (Table 4.6) were collected from participants to aid in understanding 
what factors may moderate the outcomes of the AP PLC. Additionally, demographic data may 





be suitable. Participants’ demographic characteristics were self-reported in a separate survey to 
avoid the possibility of identifying individuals, and include race, gender, content area, years of 
teaching experience, and years of AP teaching experience. 
Table 4.6 
Demographics for the Treatment and Control Groups 
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 School-level characteristics data were also collected and described to inform 





of AP courses the schools offer (Table 4.7) were obtained from a publicly available source and 
described to inform generalizability.  
Table 4.7 
Demographic Data for the Treatment and Control Schools 
Demographic 
characteristic 
Treatment school Control school 
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Additionally, the AP PLC could be an effective program for high schools that robustly expanded 
AP enrollment without providing supports for new AP teachers and students new to advanced 
academic level coursework (a common phenomenon across the United States; Judson & Hobson, 
2015; Kolluri, 2018).  
Instrumentation 
This section first presents the instrumentation used for the process evaluation. Then, the 
instrumentation used for the outcome evaluation is presented.  
Instrumentation for process evaluation. This section presents the instrumentation used 
for the process evaluation. Specifically, this instrumentation includes a process evaluation 





Process evaluation survey. The Process Evaluation Survey (PES; Appendix I) was a 15-
item electronic survey administered using Qualtrics, which included Likert scale ratings based on 
the Teacher Efficacy Scale (Gibson & Dembo, 1984). Four of the items are open-ended 
questions that sought to further understand participants’ experiences with the AP PLC. These 
items measured the meaningfulness of the AP PLC, in terms of applicability to participants’ AP 
classes and the level of participants’ engagement in the AP PLC. The first administration of the 
PES included items that asked participants to report the potentially moderating variables of total 
years of teaching experience and years of experience teaching an AP course. Table 4.8 presents 
sample questions for the constructs measured.  
Table 4.8 






Likert scale sample item Open-ended sample item 
Implementation 
of the AP PLC 
Meaningfulness 
of the AP PLC 
I can apply the strategies 
to my AP course 
 
Briefly describe how the 
presentation of retrieval 
practice strategies in the AP 









the AP PLC 
I was engaged in the 
presentation of research 
evidence for using 
retrieval practice 
strategies in the AP PLC 
Briefly describe how the 
collaborative activities in 
the AP PLC were engaging 
for you?   
Document analysis for process evaluation. A deliverable output of the AP PLC was 
lesson elements that incorporated retrieval practice created by participants each week in the AP 
PLC. These documents were submitted by participants via email and analyzed for evidence that 





elements that incorporate retrieval practice. A priori codes for the document analysis are 
presented in Table 4.9. 
Table 4.9 
A Priori Codes for Qualitative Document Analysis 
A priori codes Definition 
Retrieval practice The process of actively calling information to mind rather than 
rereading it (Roediger & Butler, 2011) 
 
Desirable difficulty The presence of a considerable but manageable level of challenge 
while completing a task (Bjork & Bjork, 2014) 
 
Spaced practice Providing time to pass between practice may create a desirable 
difficulty for recall which enhances durable learning (Yan et al., 2017) 
 
Delayed feedback May permit some forgetting to occur; thereby, enhancing learning 
through incorporating a desirable level of difficulty (Yan et al., 2017) 
 
Interleaved practice Mixing different kinds of examples or problems during practice; as 
opposed to massed practice (Kang, 2017) 
 
Flashcards A low- or high-tech method of studying that incorporates retrieval 
practice via self-quizzing (Putnam et al., 2017) 
 
Quizzing Asking students to recall what they know during class before students 
look up the content in a source (Putnam et al., 2017) 
 
Attendance log for the AP PLC. Attendance of participants at the AP PLC sessions was 
taken weekly. Maintaining a record of attendance allowed the dose of the AP PLC delivered to 
be measured.  
Demographic data survey. The Demographic Data Survey (DDS; Appendix K), a three-
item survey, was used to collect demographic information. Demographic data collected included 
race, gender, the specific AP course(s) currently taught. 
Instrumentation for outcome evaluation. This section presents the measures that were 





structured interview protocols, and existing and current data (i.e., aggregated AP course unit 
exam scores).  
Outcome evaluation survey for research questions 2 and 4. The Outcome Evaluation 
Survey (OES; Appendix L) was an electronic survey that was administered with Qualtrics, which 
included Likert scale items that sought to understand changes in participants’ knowledge and 
self-efficacy of retrieval practice strategies, along with participants’ perceptions of student 
preparedness for AP coursework. The OES was adapted from three existing surveys: (a) the 
Brain Targeted Teaching Efficacy Survey (Walker, 2016), (b) the Teacher Self-Efficacy Scale to 
Implement Self-Regulated Learning (De Smul, Heirweg, Van Keer, Devos, & Vandevelde, 
2018), and (c) the Teacher Efficacy Scale (Gibson & Dembo, 1984). The OES includes three 













(number of items) 
Sample question 
(knowledge questions were true or false; 
self-efficacy and perception questions 





Definitional knowledge of 
retrieval practice strategies 
(15) 
 
Knowledge of instructional 
activities that evoke retrieval 
practice in students (5) 
 
Repeatedly rereading information 
describes retrieval practice  
 
 
Providing students with groups of similar 
problems during a unit review promotes 
more effective retrieval practice for 
students than mixing up types of problems 
during a unit review 
 
 Knowledge of how retrieval 
practice appears in classroom 
activities (5) 
At the end of a lesson, a teacher asks 
students to review content learned during 
the day’s lesson by using their notes to 







Self-efficacy to employ 
instructional activities that 
promote retrieval practice (4) 
 
Self-efficacy to employ 
instructional activities that 




I can create questions that promote 
retrieval practice to begin a lesson (i.e., 
warm-up, drill) 
 
I can develop class activities that space 
out the review of important content over 
time 
 
 Self-efficacy to encourage 
students to use retrieval 
practice strategies when 
studying on their own (4) 
 
I can model for students how to use 
retrieval practice strategies when studying 






AP teachers’ perceptions of 
AP students’ repertoire of 
learning and studying 
strategies (5) 
 
AP teachers’ perceptions of 
AP students’ preparation for 
academic success (5) 












 Semi-structured interview for research questions 2 and 4. The semi-structured 
interview protocol (Appendix M) included researcher-created questions that aimed to measure 
teacher knowledge and self-efficacy of retrieval practice strategies, as well as teacher perceptions 
of student preparedness for AP coursework after learning retrieval practice strategies. The 
constructs measured and sample questions for the semi-structured interviews are presented in 
Table 4.11.  
Table 4.11 
Summary of the Semi-Structured Interview Protocol for Outcome Evaluation Research Questions 




Teacher knowledge of retrieval 
practice strategies 
How has the AP PLC changed your understanding of 
what it looks like when students use retrieval practice 
strategies?  
 
Teacher self-efficacy of retrieval 
practice strategies 
 
How has the AP PLC changed your ability to prompt 
students’ use retrieval practice strategies when studying 
on their own?   
 
AP teachers’ perceptions of student 
preparedness for AP coursework 
How has the AP PLC prepared your AP students be 
better prepared for AP exams? 
 
 
Frequency of use survey for research question 3. The Frequency of Use Survey (FUS; 
Appendix N) was a one-item electronic survey that included a quantitative item (i.e., the number 
of times I used retrieval practice strategies in my AP course during the past week was ___).  
Aggregated student scores on select unit exams for research question 5. Participants 
reported existing and current data, specifically the aggregated mean scores from one unit exam 
for their AP course from each of the following months: December 2019, September 2020, and 
December 2020. There were two pre-intervention test scores reported (i.e., December 2019 and 





score corresponds to the December 2020 post-test score because both tested student performance 
of the same content or unit of study. The September 2020 pre-test score corresponds to the 
December 2020 post-test score because both tested student performance following the same 
mode of instruction (i.e., virtual). This measure allows for a comparison in student outcomes 
before and after their teachers completed the AP PLC.    
Procedure 
This section presents an overview of the AP PLC intervention, followed by a description 
of the data collection and data analysis techniques.  
AP PLC Intervention  
  The AP PLC was a 13-week long PL intervention led by the student researcher that 
incorporated new learning of retrieval practice strategies and collaborative opportunities for 
participants. The AP PLC included two main phases. The first phase was a 90-minute PL for AP 
teachers that occurred on September 9, 2020. The first phase introduced the rationale and goals 
of the AP PLC and established norms for the program. Additionally, the first phase addressed 
misconceptions participants may have had about optimal learning and studying strategies, as well 
as previewed retrieval practice strategies that build durable, flexible learning. All sessions of the 
AP PLC were video-recorded and those videos were made available to all participants, including 
any participants who were absent for particular sessions.  
 The second phase of the AP PLC consisted of weekly, 30-minute PL sessions that 
included new learning about retrieval practice strategies and collaborative opportunities for 
participants. The new learning occurred during approximately the first 15 minutes of each 
session and featured scaffolded information and evidence about effective retrieval practice 





presented strategies. During approximately the last 15 minutes of each session, participants 
collaborated to enhance their application of retrieval practice strategies in their AP course. These 
collaborative activities were supported with coaching as the student researcher circulated among 
virtual breakout rooms. An intended outcome was for participants to leave each session with a 
lesson element that incorporated retrieval practice to be used in their AP course. The scope and 
sequence of the AP PLC, along with details of new learning and collaborative activities that 
occurred in each session, are presented in Table 4.12. 
Table 4.12 
Scope and Sequence of the AP PLC   
Phase 1: 90-minute PL for AP teachers 
September 9, 
2020 
Introduce rationale and goals for the AP PLC and establish norms 
 
Address misconceptions about optimal learning and studying strategies, as 
informed by SoL literature (Horvath, Lodge, & Hattie, 2017) 
 
Preview optimal strategies for building durable learning 
         Phase 2: 30-minute PL sessions for 12 consecutive weeks 
  
First 15 minutes: 
New learning activities, modeling, 
and evidence 
 
Last 15 minutes:  




Review misconceptions about learning 
and studying (Brown, Roediger, 
McDaniel, 2014) 
 
Introduce retrieval practice as a 
mechanism to enhance student 
performance (Roediger & Butler, 
2011) 
Teachers identify to what extent 
they currently use retrieval practice 
in their class 
 
Teachers identify places in existing 




Explain evidence that supports retrieval 
practice as enhanced learning and 
studying strategies for durable learning 
(Brown, Roediger, McDaniel, 2014) 
 
Model basic classroom applications of 
effective retrieval practice 
Teachers collaborate to enhance 
incorporation of retrieval practice 
 
(Using samples or ideas of lesson 







Explain evidence that supports retrieval 
practice as enhanced learning and 
studying strategies for durable learning 
(Morano, 2019) 
 
Model basic classroom applications of 
effective retrieval practice 
Teachers collaborate to enhance 
incorporation of retrieval practice 
 
(Using samples or ideas of lesson 
components that they bring) 
October 7, 
2020 
Explain evidence that supports retrieval 
practice as enhanced learning and 
studying strategies for durable learning 
(Agarwal & Roediger, 2018) 
 
Model basic classroom applications of 
effective retrieval practice 
Teachers collaborate to enhance 
incorporation of retrieval practice 
 
(Using samples or ideas of lesson 
components that they bring) 
October 14, 
2020 
Explain nuanced and enhanced 
classroom applications (SPACING) of 
retrieval practice (Yan et al., 2017) 
 
Model SPACING classroom 
applications of effective retrieval 
practice 
Teachers collaborate to enhance 
incorporation of SPACING in their 
retrieval practice applications 
 
(Using samples or ideas of lesson 
components that they bring) 
October 21, 
2020 
Explain nuanced and enhanced 
classroom applications 
(INTERLEAVING) of retrieval 
practice (Kang, 2017) 
 
Model INTERLEAVING classroom 
applications of effective retrieval 
practice 
Teachers collaborate to enhance 
incorporation of INTERLEAVING 
in their retrieval practice 
applications 
 
(Using samples or ideas of lesson 
components that they bring) 
October 28, 
2020 
Explain nuanced and enhanced 
classroom applications (FEEDBACK) 
of retrieval practice (Yan et al., 2017) 
 
Model FEEDBACK classroom 
applications of effective retrieval 
practice 
Teachers collaborate to enhance 
incorporation of FEEDBACK in 
their retrieval practice applications 
 
(Using samples or ideas of lesson 
components that they bring) 
November 4, 
2020 
Explain nuanced and enhanced 
classroom applications (DESIRABLE 
DIFFICULTY) of retrieval practice 
(Bjork & Bjork, 2014) 
 
Model DESIREABLE DIFFICULTY 
classroom applications of effective 
retrieval practice 
Teachers collaborate to enhance 
incorporation of DESIRABLE 
DIFFICULTY in their retrieval 
practice applications 
 
(Using samples or ideas of lesson 







Model combining all elements to 
enhance effective retrieval practice  
(Brown, Roediger, McDaniel, 2014) 
Teachers collaborate to combine all 
elements to enhance effective 
retrieval practice applications 
 
(Using samples or ideas of lesson 
components that they bring) 
November 18, 
2020 
Explain and model techniques to help 
students effectively use retrieval 
practice when studying on their own 
(Agarwal & Roediger, 2018; Morano, 
2019) 
Teachers identify places in their 
lessons/curriculum where they can 
provide opportunities in class to 
model how to effectively use 
retrieval practice when studying on 
their own  
December 9, 
2020 
Explain and model techniques to help 
students use retrieval practice when 
studying on their own (Firth et al., 
2018) 
Teachers collaborate and share 
positive and negative experiences 
of integrating retrieval practice to 
arrive at “best practices” 
December 16, 
2020 
Review and summation Teachers collaborate to develop a 
plan for how to sustain employing 
retrieval practice strategies moving 
forward 
Data Collection  
 This section describes the general procedures for data collection, followed by 
descriptions of the process and outcome evaluation data sources. IRB approval was obtained 
from both the research institution and the school district under study. All electronic documents 
(i.e., survey data, document analysis data, attendance data, interview audio files, interview 
transcripts, and aggregated mean unit exam scores) are stored on a password-protected computer 
that only the student researcher has access to; all electronic data documents will be deleted in 
seven years. 
Process evaluation data sources. This section presents how and when the four process 
evaluation data sources were collected: the PES, the document analysis, the attendance log, and 
the demographic data survey. Only participants in the treatment group contributed to the process 





Process evaluation survey. The PES was administered using Qualtrics by the student 
researcher three times during the AP PLC: immediately after the sessions concluded during 
weeks 4, 8, and 13. Two items to collect moderating variable data (i.e., years of experience 
teaching overall and years of experience teaching an AP course) were included on the first 
administration of the PES.  
Document analysis for process evaluation. The document analysis occurred weekly 
immediately after each Phase 2 session of the AP PLC. The student researcher randomly asked 
one participant to email a deliverable output (e.g., a ready-to-use lesson element that incorporate 
retrieval practice) that participants developed during the AP PLC.  
Attendance log for the AP PLC.  The number of participants who attend each AP PLC 
session was recorded by the student researcher. Participants must have either attended the full 
length of a session or watched the video recording of a session to qualify as being in attendance.  
Demographic data survey. The DDS was administered using Qualtrics by the student 
researcher following the intervention. The DDS did not link to individual participants. 
Outcome evaluation data sources. This section presents how and when the three 
outcome evaluation data sources were collected: the OES for research questions 2 and 4, the 
semi-structured interviews for research questions 2 and 4, the FUS for research question 3, and 
the aggregated mean student scores on select unit exams.  
Outcome evaluation survey for research question 2 and 4. The OES was administered 
with Qualtrics by the student researcher, which was given to participants in both the control and 
treatment groups immediately prior to the AP PLC and immediately after the AP PLC.  
Semi-structured interview for research questions 2 and 4. The semi-structured 





participants in the treatment group within one week after the AP PLC concluded. The inclusion 
criterion for these participants was that they completed the AP PLC; whereas, the exclusion 
criterion for these participants was that they did not complete the AP PLC. The interviews lasted 
approximately 15-20 minutes each and were audio-recorded and transcribed using Otter.ai 
speech to text software.  
Frequency of use survey for research question 3. The FUS was administered with 
Qualtrics by the student researcher to all participants in the treatment group at the beginning of 
each AP PLC session in Phase 2. Participants who taught more than one AP course or more than 
one section of an AP course completed the FUS for only one specific AP class section.   
Aggregated student scores on select unit exams for research question 5. Participants in 
the treatment and control groups reported aggregated, mean scores for AP course unit exams 
taken following the AP PLC (i.e., post-intervention; December 2020), the corresponding unit 
exam from the previous school year (i.e., pre-intervention; December 2019), and a pre-
intervention unit exam from the beginning of the school year a virtual mode of instruction (i.e., 
September 2020).  
Data Analysis  
 This section first describes the data analysis conducted for the process evaluation. Then, 
the data analysis conducted for the outcome evaluation data is described.  
Process evaluation data sources. The process evaluation data were analyzed with both 
quantitative and qualitative data analyses. This section presents the data analysis for the PES, 
document analysis, attendance log, and the DDS.  
Process evaluation survey. The PES—used to measure participants’ experience in the AP 





repeated measures ANOVAs were used on these ordinal level data to examine participants’ 
experience over three points in time (i.e., weeks 4, 8, and 13 of the AP PLC; independent 
variables) for each of the two subscales (i.e., meaningfulness of the AP PLC and teacher 
engagement in the AP PLC; dependent variables).  
Qualitative questions in the survey were analyzed using thematic analysis (Braun & 
Clarke, 2006). Deductive coding used a priori codes (e.g., clear, meaningful, engaged, new 
learning, collaboration); then, inductive coding was conducted to allow new codes to emerge. 
Following immersion in the data, codes were refined and analysis revealed themes. The final 
codes and themes were checked for credibility through peer scrutiny (Shenton, 2004). A 
codebook was created (Appendix O) that indicated the final themes and codes, as well as 
definitions and example quotations for each code. 
Document analysis for process evaluation. Qualitative analysis of the documents created 
by participants during the AP PLC was conducted using thematic analysis (Braun & Clarke, 
2006). Deductive coding used a priori codes (Table 4.7); then, inductive coding was conducted 
to allow new codes to emerge. Following immersion in the data, codes were refined and analysis 
revealed themes. The final codes and themes were checked for credibility through peer scrutiny 
(Shenton, 2004). A codebook was created (Appendix P) that indicated the final themes and 
codes, as well as definitions and example quotations for each code. 
Attendance log for the AP PLC. The attendance log was examined using descriptive 
statistics. This examination determined the dose of the AP PLC delivered to participants.  
Demographic data survey. The demographic data were examined using descriptive 





Outcome evaluation data sources. The outcome evaluation data were analyzed with 
both quantitative and qualitative data analyses. This section presents the data analysis for the 
OES, the semi-structured interviews, the FUS, and the aggregated student exam score data. 
Outcome evaluation survey for research questions 2 and 4. The OES ordinal level data 
were analyzed with descriptive statistics and repeated measures ANOVA, which allowed for 
comparing two groups’ data over repeated observations. This analysis was followed up with t-
tests that compared the difference in pre and post means between the control and treatment 
groups for each of the subscales among the three dependent variables (i.e., AP teacher 
knowledge, self-efficacy, and perceptions, which are subscales in the OES).  
Semi-structured interview for outcome evaluation research questions 2 and 4. The 
semi-structured interviews were transcribed and analyzed using thematic analysis (Braun & 
Clarke, 2006). Deductive coding used a priori codes (e.g., spacing, interleaving, quizzing); then, 
inductive coding revealed additional codes to emerge. Following immersion in the data, codes 
were refined and analysis revealed themes. The final codes and themes were checked for 
credibility through peer scrutiny (Shenton, 2004). A codebook was created (Appendix Q)  that 
indicated the final themes and codes, as well as definitions and example quotations for each 
code. 
Frequency of use survey for outcome evaluation research question 3. The FUS 
included one quantitative item that was analyzed with descriptive statistics and Pearson’s 
correlation on this ratio level data to examine the change in participants’ use of retrieval practice 
strategies over time throughout weeks 2 through 13 of the AP PLC. The independent variable 





number of times participants reported using a retrieval practice strategy in their AP course during 
the previous week.   
Aggregated student scores on select unit exams for research question 5. The aggregated 
mean unit exam scores were ratio level data examined using two independent samples t-tests. 
The first independent samples t-test compared the mean difference between aggregated student 
scores on a unit exam from December 2019 and from December 2020 between the control and 
treatment groups. This t-test allowed for detecting a difference in student performance before and 
after the intervention on the same course content, across two cohorts of students. A second 
independent samples t-test was conducted to account for the assumption not being met that the 
in-person mode of instruction would remain constant throughout the study. This second 
independent samples t-test compared the mean difference score between aggregated student 
scores on a unit exam from September 2020 and from December 2020 between the control and 
treatment groups. This t-test allowed for detecting a difference in student performance before and 
after the intervention using the same mode of instruction (i.e., virtual), in the same cohort of 







Chapter 5:  Results and Discussion 
 The salient findings from the process and outcome evaluations of the AP PLC 
intervention are presented and discussed in this chapter. First, a summary of the process of 
implementing the AP PLC is presented, including modifications that were made to the 
intervention plan. Then, the quantitative and qualitative findings from the process evaluation are 
discussed, followed by a discussion of the quantitative and qualitative findings from the outcome 
evaluation. Finally, conclusions, limitations, implications for practice, and future research are 
presented.  
Process of Implementation 
 The AP PLC was implemented successfully according to the parameters established in 
Chapter 4. Prior to the AP PLC, successful implementation of the intervention was defined as 20 
or more of the school’s 28 AP teachers participation in the AP PLC and that the average 
participant attendance across all sessions was 85% or greater. Twenty-two of the school’s 28 AP 
teachers participated in the AP PLC and the average participant attendance across all sessions 
was 96%. Participants who were absent for the initial presentation but viewed a video-recorded 
session and completed session activities after a particular AP PLC session were considered as 
present for that session. Additionally, demographic data of participants obtained from the 
Demographic Data Survey (DDS) were presented in Table 4.6 in Chapter 4.  
 The AP PLC was implemented as described in Chapter 4 with the exception of some 
modifications, which were informed by formative assessment of the implementation. First, a 
need emerged to build an anchor chart to collect the main ideas and strategies from the AP PLC 
in a simple depository. Thus, an online, collaborative concept map was gradually created by the 





strategies, complementary strategies, and instructional practices that evoke retrieval. Second, a 
need emerged for participants to have a tangible collaborative workspace during the AP PLC. 
Thus, the AP PLC began using online, shared documents in virtual breakout rooms to enhance 
participation and consolidate ideas during the collaborative portions of sessions. Finally, a need 
emerged for participants to have resources to engage with outside of AP PLC sessions. Thus, 
podcasts and articles that discussed instructional applications of effective learning and studying 
strategies were shared with participants to engage with between some AP PLC sessions. 
Collectively, these modifications were implemented to enhance the AP PLC based on formative 
assessment.  
Findings 
 This section presents the quantitative and qualitative findings from the process and 
outcome evaluations of the AP PLC intervention. The discussion of findings is organized by 
research question, which all address outcomes presented in the theory of change (Figure 4.1).  
Process Evaluation Results and Discussion 
 The evaluation of the processes of the AP PLC intervention utilized both quantitative and 
qualitative measures to understand how participants described their experience in the AP PLC. 
The AP PLC implementation component of the process evaluation was measured by how 
participants perceived the meaningfulness of the AP PLC in terms of its applicability to their 
practice. The participant responsiveness component of the process evaluation was measured by 
participants’ perception of their engagement in the AP PLC.  
 RQ1: How did teachers describe their experience in the AP PLC? 
 Quantitative data were collected and analyzed from the Likert-scale items of the Process 
Evaluation Survey (PES; Appendix I). Qualitative data were collected and analyzed from open-





participants. Process evaluation data were aggregated by two indicators: participants’ perceptions 
of the meaningfulness of the AP PLC and participants’ perception of their engagement in the AP 
PLC.  
 The quantitative portion of the PES included items with Likert-scale rankings from 1 
(i.e., strongly disagree) to 6 (i.e., strongly agree). The entire PES and each of two subscales were 
tested using Cronbach’s alpha to demonstrate internal consistency. The entire PES demonstrated 
reliability (α = .86), as did the first subscale that included six items (α = .76) measuring the 
meaningfulness of the AP PLC and the second subscale that included five items (α  = .74) 
measuring participant engagement in the AP PLC. Participants (n = 22) completed the PES three 
times: after weeks 4, 8, and 13 of the AP PLC. A composite mean for each subscale (i.e., 
meaningfulness and engagement) was computed and shown in Table 5.1.  
Table 5.1 
PES Mean Composite Subscores for Meaningfulness and Engagement Indicators  
Indicator Week 4 subscorea 
n = 22 (SD) 
Week 8 subscorea 
n = 22 (SD) 
Week 13 subscorea 




5.39 (0.41) 5.72 (0.24) 5.76 (0.30) 
Engagement 
composite 
5.46 (0.56) 5.67 (0.31) 5.73 (0.42) 
aLikert scale ranged from 1 (strongly disagree) to 6 (strongly agree) 
 The mean composite subscores for both the meaningfulness and engagement indicators 
increased over the three times measured (see Table 5.1). Repeated measures ANOVA compared 
meaningfulness subscores (i.e., participants’ perceptions of how applicable the strategies and 
instructional techniques learned in the AP PLC are for their AP class of the AP PLC) collected at 
weeks 4, 8, and 13 of the intervention. All assumptions for a repeated measures ANOVA were 
met for this analysis and for future applications of ANOVA in this study (i.e., a continuous scale 





approximately normally distributed dependent variable data, and homogeneity of variances). 
ANOVA results indicated a main effect of the week number measured on the level of 
meaningfulness, F(2,40) = 6.73, p = .003. Repeated measures ANOVA compared participant 
engagement scores (i.e., the active engagement of participants during the AP PLC) collected at 
weeks 4, 8, and 13 of the intervention, F(2,40) = 1.62, p = .21. The mean subscores for 
meaningfulness and engagement over time during the AP PLC (see Table 5.1) suggested 
participants found the AP PLC sufficiently meaningful and engaging.  
 In addition to the increase in meaningfulness and engagement over time, the overall high 
mean rankings for meaningfulness (i.e., 5.39 to 5.76) and engagement (i.e., 5.46 to 5.73) implies 
that the participants perceived the strategies and instructional techniques learned in the AP PLC 
as applicable for their AP course and that participants felt actively engaged during the AP PLC 
sessions. The analysis of qualitative data from the PES helped reveal rich, descriptive details 
about how and why the AP PLC was meaningful and engaging for participants.   
 The qualitative portion of the PES included two open-ended items regarding the 
meaningfulness of each major portion of the AP PLC (i.e., the new learning and collaborative 
portions) for applicability in participants’ AP classes. Additionally, the PES included two open-
ended items regarding participants’ engagement in each major portion of the AP PLC. 
Participants are identified by letter (e.g., Participant A) for qualitative data derived from the PES.  
 Meaningfulness of the new learning portion of the AP PLC. The PES included one 
open-ended item measuring the meaningfulness of the new learning portion of the AP PLC. The 
item was: briefly describe how the presentation of retrieval practice strategies in the AP PLC 
was meaningful for you to use in your AP class. Thematic analysis (Braun & Clarke, 2006) of 





limitations. The final themes, frequency of themes, and definitions are summarized in Table 5.2 
and the PES codebook is presented in Appendix O.   
Table 5.2 
Final Themes, Frequency, and Definitions for the Meaningfulness of the New Learning Portion 
of the AP PLC  
Theme Number of times the 
theme appeared during 
analysis 
Definition 
Modeling 17 The presenter’s demonstration of a new 
concept or strategy by imitating that concept 






Evidence from research presented during the 







The ability for concepts or strategies to be 
readily obtained by participants due to the 






A fundamental change in teachers’ 






Factors that minimize the potential 
meaningfulness of the AP PLC 
 Participants frequently described the presenter’s modeling of the effective instructional 
strategies that evoke students to use retrieval practice as a meaningful aspect of the new learning 
portion of the AP PLC. Participants often explained that the examples of instructional practices 
demonstrated in the AP PLC helped them draw connections to how they could integrate the 
practices in their own context. For example, Participant T explained, “I was able to see and hear 
about examples that I can try to parallel in my own subject area;” Participant I added, “I 
appreciated the real world examples that showed me how quickly and efficiently I could 
implement retrieval practice into my own content area.” Further, some participants noticed the 





Participant B described, “[The presenter] did a great job at modeling the retrieval practices that 
we were learning about throughout the presentations. He also spaced out the information and 
came back to key ideas throughout the various presentations.” Collectively, effective modeling of 
the strategies was the most often cited meaningful aspect of the new learning portion of the AP 
PLC (see Table 5.2).   
 Participants often described the presentation of the research that supports the use of 
retrieval practice during instruction as a meaningful aspect of the new learning portion of the AP 
PLC. Participants frequently explained that the research supporting the use of retrieval practice 
strategies to help students build durable, flexible learning was compelling and meaningful for 
their context. For example, Participant F explained, “The science behind the practices helped me 
understand how to apply the technique to different subsets of students.” Additionally, Participant 
S stated, “It was helpful to gain a full understanding including the research behind the ideas 
presented.” Several participants explained that understanding how the strategies benefit students 
helped them see the value in incorporating the strategies in their courses; for example, 
Participant P stated, “Each session reminded us of the benefits [sic] and I liked that repitition 
[sic].” Collectively, presenting compelling research that supported the infusion of retrieval 
practice into instructional activities was an often-cited meaningful aspect of the new learning 
portion of the AP PLC.  
 Participants often described the accessible information in the new learning portion of the 
AP PLC as meaningful. Participants explained that characteristics of the AP PLC that made its 
content accessible helped make learning the strategies meaningful. For example, Participant G 
stated the AP PLC “was very well organized” and the content presented “was crystal clear. Easy 





questions and explained how each practice helped students to recall information long-term.” 
Similarly, Participant I explained, “[The presenter] really broke the process down and the 
reasoning/explanation of the process and made it very easy to understand and use.” Participant K 
echoed these sentiments; “The presentation of the content was clear, effective, and pragmatic in 
approach towards day-to-day teaching/learning.” Collectively, ensuring the content in the AP 
PLC is accessible by organizing the activities well and clearly explaining concepts was an often-
cited meaningful aspect of the new learning portion of the AP PLC.  
 Participants occasionally described their new learning in the AP PLC as transformative, 
with respect to their perceptions about effective learning and teaching practices, particularly 
regarding helping students learn how to study more effectively. Participants explained how the 
new learning activities in the AP PLC prompted them to transform the way they create optimal 
learning experiences through their teaching practices. For example, Participant K explained, 
“Retrieval practice has made me reconsider what "deep learning" and retention mean in 
practice.” Participant O described a transformed instructional practice to promote retrieval in 
their students, as they stated, “I never really ask student [sic] to retrieve without looking at notes. 
I will start that at end of class now.” Some participants indicated a recognition that transforming 
teaching practice to leverage retrieval strategies can be nuanced, as Participant J explains, “The 
presentation has prompted me to consider how and when I ask questions about particular topics, 
cumulatively-- be they [sic] within the same unit or from prior units of study.” In addition to 
transformed perspectives on teaching practices, some participants described transformed 
perspectives on effective learning and studying strategies. For example, Participant P explained a 
transformed perspective that is closely connected to the equity goals of this study; “It helped me 





class.” Some participants described a transformed perspective on the importance of supporting 
students development of study skills, as Participant K stated, “Rather than telling students to just 
"study", [sic] I am discovering strategies to show them HOW to study for an assessment.” 
Collectively, several participants expressed transformative perspectives of how they perceive 
effective learning and studying strategies, as well as teaching practices that support students to 
develop such skills.  
 Finally, some participants described the new learning in the AP PLC has having 
limitations. Those limitations were connected to specific content area AP courses and virtual 
learning. For example, Participant D explained, “My AP class is very much application-based.  
There is little vocabulary or similarly basic conceptual matter that would work with flash cards.” 
Thus, it is possible that teachers and students in some content areas (e.g., performance art, AP 
Capstone) may stand to gain less from the AP PLC than teachers in other content areas. 
Additionally, participants expressed recognition that evoking and observing retrieval among 
students is substantially difficult in a virtual school setting, as Participant P referred to “The 
challenges that I will face in implementing retrieval practice [online].” Collectively, certain 
application-focused content areas and the ability to evoke and observe retrieval practice among 
students in virtual learning may be limitations to the meaningfulness of the AP PLC.  
 Meaningfulness of the collaborative portion of the AP PLC. The meaningfulness of the 
collaborative portion of the AP PLC was measured by one open-ended item in the PES and by 
document analysis of lesson elements produced by participants weekly in the AP PLC. 
 Meaningfulness measured by the PES. The PES included one open-ended item measuring 
the meaningfulness (i.e., participants’ perceptions of how applicable the strategies and 





portion of the AP PLC. The item was: briefly describe how the collaborative activities in the 
AP PLC were meaningful for you to use in your AP class. Thematic analysis (Braun & Clarke, 
2006) of this item revealed two themes: sharing ideas and reflection. The final themes, 
frequency of themes, and definitions are summarized in Table 5.3 and the PES codebook is 
presented in Appendix O.  
Table 5.3 
Final Themes, Frequency, and Definitions for the Meaningfulness of the Collaboration Portion 
of the AP PLC  






30 The collaborative exchange of instructional strategies 







Reconsideration of one’s own practices informed by 
discussions of successes and challenges among 
colleagues 
 
 Nearly all participants explained sharing ideas among small groups of colleagues was the 
most meaningful aspect of the collaborative portion of the AP PLC. Participants demonstrated 
respect among colleagues and an eagerness to learn from each other. For example, Participant O 
explained, “It's always great to hear how my colleagues incorporate these strategies. Our job is 
often completed in isolation and I know that my colleagues are devoted professionals, so I 
appreciate their insights.” Similarly, Participant V stated, “Hearing how others implemented RP 
[retrieval practice] methods gave me new ideas to try.” Likewise, Participant E explained during 
the collaborative portion of the AP PLC, “Other teachers shared ideas that I can adapt for my 
own AP class.” Some participants explained that the sharing of ideas was particularly helpful 





Participant K explained “It is valuable to hear from other teachers about their trials in retrieval 
practice. This is a new concept to me and hearing feedback from practicing teachers in real time 
is very helpful.” Collectively, nearly all participants explained how sharing ideas among 
colleagues was the most meaningful aspect of the collaborative portion of the AP PLC by 
supporting participants in applying the strategies to their own classes.  
 Interestingly, most participants preferred collaborating with colleagues from different 
disciplines, but that preference was not universal. For example, Participant M explained their 
preference for “Breakout rooms and sharing practices from different content areas.” Participant 
N agreed: “It is extremely helpful to hear what other colleagues are doing in other 
disciplines…learning about the strategies used in different disciplines was meaningful.” 
Similarly, Participant P stated, “Hearing from different courses and different departments how 
they implement practices and the challenges they face was insightful and helped me improve my 
strategies.” In contrast, Participant F preferred collaborating with teachers of the same discipline, 
as they explained, “Input from other teachers of the same subject matter was the most 
useful…some were more meaningful than others--dicsussion [sic] with other teachers of the 
same subject were most meaningful and yielded the most useful ideas.” Generally, participants 
found collaborating with interdisciplinary colleagues most meaningful.  
 The second theme that emerged was the reflection upon successes and challenges that 
participants found meaningful in the collaborative portion of the AP PLC. Participants often 
explained how the collaboration with colleagues supported reflection of successes and challenges 
leading to enhancing their own practice. For example, Participant I explained, “I appreciated 
hearing other teachers [sic] successes and failures because it allowed me to feel that I am not 





reflection upon “successes and failures” was echoed in similar words among several participants, 
such as Participant K, who stated, “It is important to hear anecdotal successes and errors of 
retrieval practice to know how to best implement the practice.” Similarly, Participant O stated it 
is, “Always great to be able to share successes and concerns. The exchange of ideas about the 
concerns can solidify the validity of these practices.” Likewise, Participant V explained that, 
“Hearing colleague's [sic] individual teaching challenges and the strategies they use to solve 
them was helpful to me understanding my students and the context of my own course more 
thoroughly.” Further evidence of reflection was indicated by Participant B, who stated, “It was 
very helpful to talk to other teachers…about what was or was not working in their classes..” 
Collectively, many participants explained that reflection upon successes and challenges during 
the collaborative component of the AP PLC was meaningful and applicable for their practice. 
 Meaningfulness measured by document analysis of lesson elements. The meaningfulness 
of the collaborative portion of the AP PLC was also measured by document analysis of lesson 
elements, which incorporate retrieval strategies, developed by teachers during the collaborative 
portions AP PLC sessions and emailed to the student researcher. Thematic analysis (Braun & 
Clark, 2006) of the lesson elements revealed four themes that demonstrated the meaningfulness 
of the AP PLC collaboration: retrieval practice, desirable difficulty, complementary strategies, 
and classroom applications. The final themes and definitions are summarized in Table 5.4 and 
the document analysis codebook is presented in Appendix P. Participants are identified by “D” 












Final Themes and Definitions from Document Analysis of Lesson Elements Produced During the 
AP PLC  
Theme Definition 
Retrieval practice The process of actively calling information to mind rather 
than rereading it (Roediger & Butler, 2011) 
 
Classroom applications Low- or high- tech instructional practices that incorporate 
retrieval practice by requiring students to recall what they 
know from memory 
 
Complementary strategies The integration of allowing time to pass between practice 
(i.e., spacing) and mixing up problem types (i.e., 
interleaving), which may enhance durable, transferable 
learning (Yan et al., 2017) 
 
Desirable difficulty The presence of a considerable but manageable level of 
challenge while completing a task (Bjork & Bjork, 2014) 
 
 
 All lesson elements analyzed incorporated activities that promoted retrieval practice in 
students. Lesson elements demonstrating the application of retrieval strategies suggested the 
collaborative activities in the AP PLC were meaningful for AP teachers. Participant D5 created a 
regular weekly activity for their AP class which they creatively called “retrieval rendezvous.” 
During this activity, the teacher would: 
 Typically present some type of image that serves as a grounding element for 
 memory retrieval. Sometimes it is a map. Other times it is a painting or picture of a 
 temple or something. The idea is that in the future when the actively try to recall the 
 information, the image will help bring them back to our retrieval session.  
 
Many of the lesson elements analyzed demonstrated that only subtle changes to practice were 
needed to effectively integrate retrieval practice. For example, Participant D9 modified their 
questioning strategies to increase opportunities for retrieval practice among their students:  
 I then pose a broad question: "Tell me everything you remember about the Ottoman 
 military." I will exhaust responses and then ask a question that narrows the focus a bit, 





 responses, we run through the PowerPoint, stopping at key locations to refresh their 
 memories. 
 
Similarly, Participant D8 coached their students to not refer to their book, notes, or online 
sources whenever they posted the phrase “retrieval practice” at the top of a drill or closure 
presentation slide. Additionally, Participant D11 instructed students to study key topics from old 
units of study for upcoming tests: “It was easy because all I had to do was copy some questions 
from old tests. But the key was getting them to study critical old topics and they even got to 
practice retrieving those again during the test.” Collectively, all the analyzed lesson elements 
developed by participants during the AP PLC incorporated activities that promoted retrieval 
practice in students.  
 All lesson elements analyzed demonstrated direct classroom applications that evoked 
retrieval among students. The lesson elements developed included a range of classroom 
applications, suggesting the meaningfulness of the collaborative AP PLC. For example, 
Participant D16: 
 Provided class time for everyone to make flashcards or a Quizlet. Then they shared the 
 Quizlet link with me (or picture of flashcards), so I could give them feedback as needed. 
 Then, the next day or so, I provided class time to practice with the flashcards/Quizlet. It 
 has been motivational for them to use breakout rooms to quiz each other or play some of 
 those Quizlet games together.   
 
Participant D20 directed students to generate concept maps as a meaningful way to evoke their 
students to use retrieval. The teacher had students “make a concept map from memory rather 
than using their notes. Then, treat that as a first draft as they make a final draft using their notes 
to fill in the gaps.” Participant D1 asked students to write down everything they could recall 
about a concept:  
 I've found it very helpful and simple to have the kids brain dump everything down that 





 while using their notes. This created a nice little diagnostic for what they needed to focus 
 on – so from there they made flashcards only [sic] what they forgot. 
 
Collectively, the lesson elements developed by participants during the AP PLC demonstrated 
direct classroom applications of retrieval strategies. 
 Some lesson elements analyzed demonstrated complementary strategies, such as spacing, 
interleaving, and feedback, that may enhance the benefits of retrieval practice. The incorporation 
of these complementary strategies often required only modest changes to teachers’ practice. For 
example, Participant D3 started providing chunked assignments as homework that required 
studying to encourage students to space out their studying over a period of days instead of 
cramming for a test:  
 I normally give students several activities to do to prepare for a unit test. Make a 
 mindmap, complete pages in a review book, complete chapter review questions, etc [sic]. 
 I’m using the same review activities but making turn-ins with due dates scattered the 
 week before a test instead of turning in everything on test day. 
 
Participant D18 infused spacing and interleaving practice, as they “typically start class with 2 AP 
styles [sic] multiple choice questions from old units.” Participant D12 interleaved practice for 
their students by restructuring their review material: “I used to have my review packets 
organized by type of problem. For our last unit, I copy pasted [sic] the problems to jumble it so 
kids didn’t get too comfortable blindly repeating the same steps.” Participant D19 provided 
effective feedback to their students after requiring retrieval: “I reassure them that partial answers 
are awesome, even if they are not super precise or detailed, or only partially accurate. Of course, 
I make sure to correct, in the end, any misconceptions, but only afterwards.” Collectively, the 
lesson elements developed by participants during the AP PLC often infused complementary 





 Some lesson elements analyzed demonstrated purposefully increasing the desirable 
difficulty associated with practicing retrieval. These lesson elements demonstrated both teachers’ 
and students’ recognition of both the initial difficulty and benefits to learning experienced by 
learners when practicing retrieval. For example, Participant D15 changed their instructional 
practice by intentionally enhancing desirable difficulty to enhance students aural skills:  
 Two times a week the AP Music Theory class conducts an aural skills activity called 
 ‘dictation.’ Dictations are melodies that I play on the piano and students must write down 
 the notes on the staff by ear. My standard practice has been to play, wait, and then give 
 feedback as the answers come in. Instead of playing each example 3, 4, or 5 times in a 
 row, I have tried playing the melody only once or twice. I have been encouraging 
 students to 'make-up' or 'create a likely melody' for the answers that they believe are 
 right, even if they are not confident. The results were shocking today. Using this practice 
 resulted in BETTER pitch and rhythm accuracy than playing the melody twice as often. 
 Increasing this difficulty for them is really paying off! I suppose giving students more 
 time to process, pull info from their memory, and not giving-in to feeding the answers is 
 obvious, but I  was genuinely surprised at the accuracy students can generate. One of my 
 students said, "I am shocked how well this works!"  
 
Participant D21 explained how their AP students recognized the increased difficulty associated 
with retrieval practice but determined it was worth it to produce noticeably enhanced learning:  
 At first, my students complained at not being able to use their notes during the warm-up 
 and exit ticket. But we kept talking about it and they bought in. That was when THEY 
 were the ones who noticed how well it works first. They said studying for quizzes is 
 easier because they remember things better. Now they’re just in the habit of making 
 things harder on themselves because they know it works.  
 
Collectively, several lesson elements developed by participants during the AP PLC demonstrated 
purposefully increasing the desirable difficulty during practicing retrieval. 
 Participant engagement in the new learning portion of the AP PLC. The PES included 
one open-ended item measuring participant engagement of the new learning portion of the AP 
PLC. The item was: briefly describe how the presentation of retrieval practice strategies in the 
AP PLC was engaging for you. Thematic analysis (Braun & Clarke, 2006) of this item revealed 





interactive, applicability, modeling, and research. The final themes, frequency of themes, and 
definitions are summarized in Table 5.5 and the PES codebook is presented in Appendix O.  
Table 5.5 
Final Themes, Frequency, and Definitions for the Engagement in the New Learning Portion of 
the AP PLC  




Interactive 11 The structure of the AP PLC allowed for active 
learning and dynamic participation  
 
Applicability  9 The characteristic of information and strategies that 
could readily be used in participants’ AP courses 
 
Modeling  8 The presenter’s demonstration of a new concept or 
strategy by imitating that concept or strategies during 
instruction  
 
Research  7 Evidence from research presented during the AP PLC 
that supports teachers’ use of the strategies 
 
 Participants often reported the interactive nature of the AP PLC was engaging. 
Leveraging activities that promoted active learning, the new learning portion of the AP PLC was 
structured to involve dynamic participation of teachers. For example, Participant B explained 
that there was, “Lots of time for question and answer which helped me stay focused and 
engaged,” and that “[The presenter] did a nice job at presenting information and asking questions 
throughout the presentation to keep me focused on the topic at hand.” Similarly, Participant E 
stated, “There was opportunity to speak and type in the chat which helped me stay engaged;” a 
sentiment echoed by Participant V, who stated, “There was a good discussion through the chat 
and with mics.” The interactive nature of the AP PLC was explained by Participant H, who 
stated, “The meetings were interactive—not just being talked at;” a notion similarly expressed by 





described being actively engaged in the AP PLC because of the interactive structure of the new 
learning portion.  
 Participants frequently explained the direct applicability of the content in the new 
learning portion of the AP PLC motivated them to be engaged. For example, Participant Q 
stated, “I [sic] allowed me to see specific examples that I could then apply to my content course 
[sic].” Similarly, Participant I explained, “The real class application piece got my attention and I 
appreciated that we tested the feature (student side) and got to see the teacher side.” Likewise, 
Participant T “was able to envision using the practice in my own classes, and what that might 
look like in my different subject areas.” Applicability of the strategies was also engaging for 
Participant F, who stated, “The leader's sharing of documents and examples of retrieval was 
effective in helping me develop my own retrieval ideas,” and for Participant I, who stated, “The 
strategies were able to be adapted quickly for my own content and I am all about strategies that 
can help my students to be more successful!” Collectively, participants reported that the “clear 
examples” (Participant O) and “many good examples of applications” (Participant V) made the 
new learning portion of the AP PLC engaging because of its applicability across AP content 
areas.  
 Participants often reported the modeling of effective learning and studying strategies was 
an engaging aspect of the new learning portion of the AP PLC. For example, Participant B 
explained the “Quizzes live game kept me engaged and helped jogged my memory on our 
discussion topic.” Similarly, Participant C stated, “Having us use the online game kept me 
interested and helped me see what it can look like for my students.” More broadly, Participant L 
explained they were “Glad that [the presenter] used a different strategy each time, from the 





Participant V agreed that “Modeling retrieval practice acticities [sic] was engaging.” 
Collectively, participants found the modeling of a range of activities that promote retrieval to be 
engaging during the new learning portion of the AP PLC.  
 Finally, several participants reported that learning the research supporting the use of 
retrieval strategies to enhance student learning was engaging during the new learning portion of 
the AP PLC. For example, Participant A stated, “The presenter provided interesting data from 
the research in ways that are easy to follow visually.” Similarly, Participant P explained what 
they found engaging: “The sharing of retrieval practice research both in class and out of class 
situations. I am a data driven person.” Likewise, in response to this prompt, Participant K 
explained, “Hearing about definitive research is helpful!” Collectively, some participants found 
the research and evidence supporting the use of retrieval strategies during instruction engaging 
during the new learning portion of the AP PLC.  
 Participant engagement in the collaborative portion of the AP PLC. The PES included 
one open-ended item measuring participant engagement (i.e., the active engagement of 
participants during the AP PLC) of the collaborative of the AP PLC. The item was: briefly 
describe how the collaboration during AP PLC was engaging for you. Thematic analysis (Braun 
& Clarke, 2006) of this survey item revealed two themes: active learning and enjoyment. The 
final themes, frequency of use, and definitions are summarized in Table 5.6 and the PES 














Final Themes, Frequency, and Definitions for the Engagement in the Collaborative Portion of 
the AP PLC  






19 Learning activities in which participates directly 
interact in the learning process, as opposed to passively 
taking in information 
 
Enjoyment  7 The process of taking pleasure in the activities 
  
 Participants often reported they found the active learning aspect of the collaborative 
portion of the AP PLC engaging. Active learning was represented by dialogue, completing 
collaborative documents, and collectively working toward shared goals. Participant R explained 
they found active learning aspects engaging because they “definitely pay more attention when 
I’m a member of a conversation rather than a passive listener.” Other participants explained that 
“bouncing ideas off each other” (Participant O) was engaging. Additionally, Participant B 
explained that, “Collaborating on a shared document was helpful in starting discussion and 
giving us a visual to focus our thoughts and notes on.” Participant P agreed; “I enjoyed 
completing collaborative documents with my peers and seeing how they viewed various 
components of the PLC.” Participant I found volunteering as a notetaker helped themself stay 
focused. Participant B explained how working toward shared goals was engaging; “There were 
always guiding questions to focus on during the collaborative activities that helped keep teachers 
on task during our discussions.” Finally, Participant P clearly summarized the statements made 
by several participants regarding the collaborative portion of the AP PLC; “It required 
participation and made me active in the learning.” Collectively, participants found the active 





 Participants frequently reported the enjoyment they derived from the collaborative portion 
of the AP PLC was engaging. For example, Participant G stated, “I enjoy workng [sic] in small 
groups in the breakout rooms.” Likewise, Participant D explained, “It is good to talk to 
colleagues. I like to hear what they use in their own classes…I was always interested to hear 
what other teachers have been trying and what has been working well.” Participant E shared a 
similar perspective; “I always enjoing [sic] talking with and learning from other teachers, this is 
somethings [sic] that has been sorely missing this year with virtual learning.” While expressing 
their enjoyment in collaborating with colleagues during the AP PLC, Participant I also stated the 
value of collaboration; “I really like brainstorming and working with colleagues. Its [sic] how the 
best ideas are developed!” Collectively, participants found the enjoyment of collaborating with 
colleagues during the AP PLC engaging.  
 In summary, quantitative analysis revealed AP teachers rated their experience in both 
portions the AP PLC (i.e., new learning portion and collaborative portion) as meaningful and 
engaging. In fact, participants reported the AP PLC was increasingly meaningful and engaging 
over time (i.e., weeks 4, 8, and 13). The qualitative analysis revealed the presenter’s modeling of 
strategies and the evidence presented from the research were the most frequently described 
meaningful components of the new learning portion of the AP PLC. AP teachers’ opportunities 
to share ideas among colleagues and reflect on one’s own practices through discussions with 
colleagues were the most frequently described meaningful components of the collaborative 
portion of the AP PLC. Additionally, document analysis of lesson elements developed by AP 
teachers during the AP PLC revealed participants successfully incorporated retrieval strategies, 
direct classroom applications, complementary strategies (e.g., spacing and interleaving practice), 





of information and strategies for their AP courses, the presenter’s modeling of the strategies, and 
the evidence presented from the research were the most frequently described engaging 
components of the new learning portion of the intervention. The active learning and the 
enjoyment AP teachers took in the activities were the most frequently described engaging 
components of the collaborative portion of the AP PLC. Overall, quantitative and qualitative 
analyses revealed that AP teachers described their experience in both the new learning and 
collaborative portions of the AP PLC as meaningful and engaging.  
Outcome Evaluation Results and Discussion  
 The evaluation of the outcomes of the AP PLC included an analysis of several proximal 
outcomes of the intervention. The outcomes evaluated include participants’ knowledge of 
retrieval practice strategies, participants’ self-efficacy for using retrieval practice strategies in 
their practice, participants’ frequency of using retrieval practice strategies in their practice, 
participants’ perceptions of their students’ preparedness for AP coursework, and student 
performance on select course unit exams.  
 RQ2:  To what extent did AP teachers’ knowledge and self-efficacy of retrieval  
 practice strategies increase in response to the AP PLC compared to a control  
 group?  
 AP teachers completed the Outcome Evaluation Survey (OES) before and after 
participating in the AP PLC. The OES included scales measuring teacher knowledge of retrieval 
practice strategies and teacher self-efficacy for using retrieval practice strategies in their practice.  
 Teacher knowledge. The OES included 25 true/false items for the teacher knowledge 
scale. Table 5.7 shows the mean percent of correct responses for the three teacher knowledge 











Control group (n = 13) 
mean percent correct  
(SD) 
Treatment group (n = 22) 















(post – pre) 















Second subscale: AP 
teachers’ knowledge 
of instructional 
activities that evoke 












Third subscale: AP 
teachers’ knowledge 
of how retrieval 
practice strategies 













Composite scale: AP 
teachers’ knowledge 












 The gain in mean percent score was greater for the treatment than the control group for 
each of the three knowledge subscales (see Table 5.7). Notably, the composite mean percent 
score increased from the pre-test to the post-test for the control group by 3.07% and by 23.09% 
for the treatment group (see Table 5.7). Additionally, the composite standard deviation decreased 
from the pre-test to the post-test more for the treatment group (i.e., from 11.28 to 3.83) than for 





participants’ knowledge in the treatment group. Finally, participants in the control and treatment 
groups did not begin with the same knowledge of effective retrieval strategies according to the 
pre-test subscores and composite score (see Table 5.7); thus, the analysis focused on examining 
the differences from pre to post between the control and treatment group.   
 The first knowledge subscale consisted of 15 items and measured AP teachers’ 
definitional knowledge of retrieval practice strategies. Repeated measures ANOVA compared 
participants’ knowledge subscores collected before and after the intervention. ANOVA results 
indicated differences among the groups, F(1,33) = 3.83, p = .059. An independent samples t-test 
was used to reveal particular differences. All assumptions for independent samples t-tests were 
met (i.e., a continuous scale dependent variable, two categorical independent groups for the 
independent variable, independence of observations, no significant outliers, approximately 
normally distributed dependent variable data) except for homogeneity of variances, which was 
not expected for dichotomous data. The t-test compared the mean change in the first knowledge 
subscale for teachers in the treatment (M = 2.73, SD = 2.33) and control groups (M = 1.38, SD = 
1.80); t(33) = -4.04, p < .001. This result indicated that teachers in the treatment group 
demonstrated more gains in the first knowledge subscale than teachers in the control group.  
 The second knowledge subscale consisted of five items and measured teachers’ 
knowledge of instructional activities that evoke retrieval practice in students. Repeated measures 
ANOVA compared participants’ knowledge subscores collected before and after the 
intervention. ANOVA results indicated differences among the groups, F(1,33) = 30.55, p < 001. 
An independent samples t-test was used to reveal particular differences. All assumptions for 
independent samples t-tests were met, including homogeneity of variances. The t-test compared 





0.73) and control groups (M = -0.39, SD = 1.19); t(33) = -5.53, p < .001. This result indicated 
that teachers in the treatment group demonstrated more gains in the second knowledge subscale 
than teachers in the control group. 
 The third knowledge subscale consisted of five items and measured teachers’ knowledge 
of how retrieval practice strategies appear in classroom activities. Repeated measures ANOVA 
compared participants’ knowledge subscores collected before and after the intervention. 
ANOVA results indicated differences among the groups, F(1,33) = 28.9, p < .001. An 
independent samples t-test was used to reveal particular differences. All assumptions for 
independent samples t-tests were met. The t-test compared the mean change in the third 
knowledge subscale for teachers in the treatment (M = 1.64, SD = 1.05) and control groups (M = 
-0.39, SD = 1.12); t(33) = -5.37, p < .001. This result indicated that teachers in the treatment 
group demonstrated more gains in the third knowledge subscale than teachers in the control 
group.  
 Repeated measures ANOVA compared the composite knowledge scores collected before 
and after the intervention. ANOVA results indicated differences among the groups, F(1,33) = 
26.7, p < .001. An independent samples t-test was used to reveal particular differences. All 
assumptions for independent samples t-tests were met. The t-test compared the mean change in 
the composite knowledge scale for teachers in the treatment (M = 5.77, SD = 2.83) and control 
groups (M = 0.62, SD = 2.90); t(33) = -5.16, p < .001. This result indicated that teachers in the 
treatment group demonstrated more gains in the composite knowledge scale than teachers in the 
control group.  
 The gains in teachers’ knowledge across the three subscales and composite scores for the 





teachers’ definitional and applicational knowledge of effective learning and studying strategies 
(see Table 5.8).  
Table 5.8 
Mean Change in Teachers’ Knowledge of Effective Learning and Studying Strategies 
Scale 






First subscale (15)   1.38 (1.80) 2.73 (2.33) t(33) = -4.04, p < .001 
Second subscale (5) -0.39 (1.19) 1.41 (0.73) t(33) = -5.53, p < .001 
  






t(33) = -5.37, p < .001 
  
Composite scale (25) 
 




t(33) = -5.16, p < .001 
 
 The analysis of qualitative data from interviews with participants in the treatment group 
helped reveal rich, descriptive details about how and why the AP PLC supported this increased 
knowledge among teachers. Thematic analysis (Braun & Clarke, 2006) of interviews (n = 5) with 
participants following the AP PLC accessed teacher perceptions of how the AP PLC influenced 
their knowledge of effective learning and studying strategies featuring retrieval practice. The 
codebook for the interview data is presented in Appendix Q. Table 5.9 summarizes the two 
themes that emerged regarding how the AP PLC influenced teacher knowledge of the strategies: 
intentional and complementary strategies. Participants are identified by “I” followed by a 
number (e.g., I2) for qualitative data derived from the interviews.  
Table 5.9  
Themes for how the AP PLC Influenced Teachers’ Knowledge of Retrieval Strategies 
Theme Definition 
Intentional The purposeful and conscientious effort AP teachers made to 
incorporate the strategies into their classes 
 
Complementary strategies The use of strategically spacing and interleaving retrieval practice 






 Participants reported the AP PLC made the strategies readily identifiable so they could be 
more intentional using the strategies in practice, which may explain the increase in teachers’ 
definitional knowledge of retrieval practice strategies that was observed in the quantitative 
findings. Participants described a vague general understanding of the strategies and modest 
implementation of the strategies prior to engaging in the AP PLC, but that the AP PLC “made 
me more cognizant of how to make [retrieval practice] more accessible for students in class, you 
know, more definitive, more concrete, and just more efficient” (Participant I2). Despite 
occasionally leveraging the previously nameless strategies in practice, participants described a 
benefit of having learned names and definitions for specific strategies. Participant I1 explained, 
“I had no idea what retrieval practice was before I started. So, it definitely taught me what it is 
and then I appreciated the differences between ways to use retrieval practice with my classes.” 
Similarly, Participant I4 explained:  
 I hadn't put a name to it. And when I started reading more about it, I realized okay 
 well I've done some things like this in the past but now I feel like I'm more intentional 
 with what I do with my planning, and with what I'm doing, and just really trying to make 
 it for the kids, you know that active learning where they're, you know able to pull things 
 from their brains that are there. And give them more opportunities for that. So, I guess the 
 biggest thing for me is just being more intentional like I didn't know the terminology 
 retrieval practice necessarily or spacing or durable learning or interleaving or anything 
 like that but just having been able to read the articles that you posted. Also, and the 
 podcasts, in addition to hearing what other people are doing was very beneficial.  
 
Increasing teachers’ knowledge of the names and definitions of effective learning and studying 
strategies helped teachers become more intentional in leveraging the strategies in their classes 
and more conscious about providing students with opportunities to enhance learning. Participant 
I3 explained:  
 Before the PLC I had at least heard of the terms, but I had never really looked at them 
 that deeply; like I kind of knew the basics of them. And I didn’t really use retrieval after 
 say the morning drill. And then, after the PLC, I definitely was a little bit more conscious 





 a ton every single class, but definitely using it more often in my AP classes and then even 
 eventually in my other classes too, but definitely for my AP classes I think it was helpful.  
Participant I4 explained how the increased knowledge of effective learning and studying 
strategies has allowed them to implement the strategies is focus and intent: 
 I now am familiar with teaching practices such as interleaving spaced practice and 
 retrieval which are all part of pedagogical practices I've done. But now that they are 
 identifiable, I can actually focus on those specific teaching techniques, rather than just 
 applying them to lesson plans, and having a vague understanding of what I'm doing and 
 why I'm doing it. It gives specific targeted vocabulary to specific strategies that I can 
 actually implement with focus and direction. 
Collectively, participants reported how the AP PLC increased their definitional knowledge of 
effective learning and studying strategies, which translated to increased intentional, purposeful, 
and effective implementation of the strategies.  
 Participants reported the AP PLC increased their knowledge of complementary 
strategies, which may explain the increases in teachers’ knowledge of instructional activities that 
invoke retrieval practice and knowledge of how retrieval practice appears in classroom activities 
that was observed in the quantitative findings. Participants described several general and specific 
complementary strategies that teachers can employ to promote retrieval in students. Participant 
I2 explained how they how leverage interleaving practice: “In the past, I would just always 
introduce a new phenomenon. Then, move onto the next. And now I am peppering in old 
phenomenon, to get them to think about that. And then, tying it into the new phenomenon.” 
Further, Participant I2 explained how they optimize feedback for students: “Giving delays within 
the feedback, but trying to make sure that it's not too long, not too short to go back and revisit 
that content. A couple of days later works well.” Additionally, Participant I2 demonstrated a 
strong understanding of the instructional actions that effectively evoking retrieval by students, by 





open ended.” Participants also described several general and specific complementary strategies 
that appear in classroom activities. For example, Participant I3 explained how they:  
 Encourag[e] the students to go through, and before they check all their notes, go through 
 once, go through and almost like quiz themselves, giving them some different online, like 
 quizzing techniques, or even just doing flashcards and flashcards are a little bit old 
 school, but I think they're helpful, and being able to like quiz themselves very quickly 
 to retrieve that knowledge. 
Participant I3 demonstrated a knowledge of the subtle instructional behaviors required to evoke 
retrieval in the classroom activity of concept mapping by explaining:  
 Concept maps or the mind maps, they found really helpful in their studying of just being 
 able to like get out all the information that they can remember as quickly as possible, and 
 then coming back later and kind of making all those connections.  
Collectively, participants reported how the AP PLC increased their knowledge of how to evoke 
retrieval in students and how retrieval appears in classroom activities, which translated to 
increased and nuanced implementation of effective complementary strategies.  
 In summary, the quantitative analysis revealed that AP teachers’ knowledge of retrieval 
practice strategies increased in response to the AP PLC compared to the control group. The 
qualitative analysis revealed that AP teachers described how the AP PLC increased their 
knowledge of the strategies by making the strategies readily identifiable so they could be more 
intentional and effective in using the strategies in their classes. Additionally, AP teachers 
described how the AP PLC increased their knowledge of complementary strategies that can be 
infused in their practice to optimize the benefits of retrieval strategies. Overall, AP teachers 
knowledge of retrieval practice strategies increased in response to the AP PLC.  
 Teacher self-efficacy. The OES included 12 Likert-scale items that measured teachers’ 
self-efficacy for using retrieval strategies. The teacher self-efficacy scale from the OES and each 
of three subscales were tested using Cronbach’s alpha to demonstrate internal consistency. The 





subscale that included 4-items (α = .87), the second subscale that included 4 items (α = .83), and 
the third subscale that included 4 items (α = .93). Exploratory factor analysis (see Table 5.10 for 
factor loadings) provided evidence that the four items in the first subscale (i.e., item 1 through 
item 4) measured one underlying construct, the four items in the second subscale (i.e., item 5 
through item 8) measured a second underlying construct, and the four items in the third subscale 
(i.e., items 9 through items 12) measured a third underlying construct.  
Table 5.10 
Factor Loadings for Exploratory Factor Analysis of the Self-efficacy Scale 
 Factor and subscale 
Item number 1 2 3 
Item 1 .85   
Item 2 .86   
Item 3 .79   
Item 4 .51   
Item 5  .72  
Item 6  .61  
Item 7  .70  
Item 8  .66  
Item 9   .69 
Item 10   .77 
Item 11   .93 
Item 12   .85 
 Table 5.11 shows the mean Likert-scale rankings of 1 (i.e., strongly disagree) to 6 (i.e., 
strongly agree) for the three self-efficacy subscales and the composite self-efficacy scale across 
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aLikert scale ranged from 1 (strongly disagree) to 6 (strongly agree) 
 The mean self-efficacy ratings increased for the treatment group across all three 
subscales; whereas, for the control group, the mean self-efficacy ratings decreased for the first 
and second subscales and increased for the third subscale (see Table 5.11). Notably, from the 
pre-test to the post-test, the composite mean Likert-scale self-efficacy score decreased by 0.02 
for the control group and increased by 0.89 for the treatment group. Additionally, from pre-test 
to post-test, the composite standard deviation decreased for the treatment group (from 0.76 to 
0.41)—which indicated a decrease in variation in participants’ self-efficacy in the treatment 





to 0.56). Finally, participants in the control and treatment groups did not begin with the same 
self-efficacy for using retrieval strategies according to the pre-test subscores and composite score 
(see Table 5.11); thus, the analysis focused on examining the differences from pre to post 
between the control and treatment group.   
 The first self-efficacy subscale measured AP teachers’ self-efficacy to employ 
instructional strategies that promote retrieval. Repeated measures ANOVA compared self-
efficacy scores collected before and after the intervention. ANOVA results indicated differences 
among the groups, F(1,33) = 12.2, p < .001. An independent samples t-test was used to reveal 
particular differences. All assumptions for independent samples t-tests were met. The t-test 
compared the mean change in the first self-efficacy subscale for teachers in the treatment (M = 
0.76, SD = 0.78) and control groups (M = -0.02, SD = 0.26); t(33) = -3.49, p < .001. This result 
indicated that teachers in the treatment group demonstrated more gains in the first self-efficacy 
subscale than teachers in the control group.  
 The second self-efficacy subscale measured AP teachers’ self-efficacy to employ 
instructional strategies that optimize retrieval with complementary strategies. Repeated measures 
ANOVA compared self-efficacy scores collected before and after the intervention. ANOVA 
results indicated differences among the groups, F(1,33) = 11.39, p = .002. An independent 
samples t-test was used to reveal particular differences. All assumptions for independent samples 
t-tests were met. The t-test compared the mean change in the second self-efficacy subscale for 
teachers in the treatment (M = 0.65, SD = 0.72) and control groups (M = -0.12, SD = 0.49); t(33) 
= -3.38, p < .001. This result indicated that teachers in the treatment group demonstrated more 





 The third self-efficacy subscale measured teachers’ self-efficacy to encourage students to 
use retrieval practice when studying on their own. Repeated measures ANOVA compared self-
efficacy scores collected before and after the intervention. ANOVA results indicated differences 
among the groups, F(1,33) = 14.3, p < .001. An independent samples t-test was used to reveal 
particular differences. All assumptions for independent samples t-tests were met. The t-test 
compared the mean change in the third self-efficacy subscale for teachers in the treatment (M = 
1.43, SD = 1.13) and control groups (M = 0.19, SD = 0.44); t(33) = -3.78, p < .001. This result 
indicated that teachers in the treatment group demonstrated more gains in the third self-efficacy 
subscale than teachers in the control group.  
 Repeated measures ANOVA compared the composite self-efficacy scores collected 
before and after the intervention. ANOVA results indicated differences among the groups, 
F(1,33) = 19.4, p < .001. An independent samples t-test was used to reveal particular differences. 
All assumptions for independent samples t-tests were met. The t-test compared the mean change 
in the composite self-efficacy scale for teachers in the treatment (M = 0.89, SD = 0.72) and 
control groups (M = -0.02, SD = 0.23); t(33) = -4.40, p < .001. This result indicated that teachers 
in the treatment group demonstrated more gains in the composite self-efficacy scale than 
teachers in the control group. 
 The gains in teachers’ self-efficacy across the three subscales and composite scale for the 
treatment group compared to the control group suggest the AP PLC successfully increased 
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First subscale (4)   -0.02 (0.26) 0.76 (0.78) t(33) = -3.49, p < .001 
Second subscale (4)  -0.12 (0.49) 0.65 (0.72) t(33) = -3.38, p < .001 
  
Third subscale 3 (4) 
 




t(33) = -3.78, p < .001 
  
Composite scale (12) 
 




t(33) = -4.40, p < .001 
 
 The analysis of qualitative data from interviews with participants in the treatment group 
helped reveal rich, descriptive details about how and why the AP PLC supported this increased 
self-efficacy among teachers. Thematic analysis (Braun & Clarke, 2006) of interviews (n = 5) 
with participants following the AP PLC illuminated teacher perceptions of how the AP PLC 
influenced their self-efficacy of using effective learning and studying strategies featuring 
retrieval practice. The codebook for the interview data is presented in Appendix Q. Table 5.13 
summarizes the three themes that emerged regarding how the AP PLC influenced teacher self-
efficacy for using the strategies: subtle practice changes, specific activities, and student studying. 
Table 5.13  
Themes for how the AP PLC Influenced Teachers’ Self-Efficacy for Using Retrieval Strategies 
Theme Definition 
Subtle practice changes The modest modifications to teachers instructional behavior to 
incorporate retrieval strategies 
 
Specific activities A range of low-tech and high-tech classroom activities that 
promote students to practice retrieval  
 
Student studying The act of students using retrieval strategies when studying on 






 Participants reported the AP PLC helped them make subtle practice changes that could 
leverage the benefits of retrieval, which may explain the increase in participants’ self-efficacy to 
employ instructional strategies that promote retrieval practice that was observed in the 
quantitative data. Participant I4 explained how they were able to make subtle changes to their 
practice to effectively promote retrieval:  
 I've been doing a lot of that like don't look at your notes yet. And we do that for 
 vocabulary quizzes. Some of the grammar things I'm even using that in my ninth-grade 
 class don't look at your notes just, you know, jot down what you think it is and then we 
 can talk about it and go back. 
Participant 1 explained how increases in their self-efficacy of using subtle reminders to students 
and specific phrasing of questions and directions can readily leverage the benefits of retrieval:  
 Searching for ways, and like spots within class to implement some of the strategies that 
 we talked about, and even just changing my phrasing so like when I'm asking a question, 
 if I hear a long pause, or I'm not getting any responses, I'm reminding students you know 
 don't go right to your notes, but like see, even if it's like not quite right, see what you 
 come up with to answer this question to kind of like unpack the information and try to 
 like pull it back out of their brains as opposed to just quickly them going to notes or 
 Google. 
Participant I5 explained how increases in their self-efficacy for providing opportunities for 
desirable difficulty can enhance student learning: 
 What the PLC and retrieval practices have encouraged me to do in my classes, is to 
 make them suffer through it a little bit more, but not in literal terms, not suffering, but 
 make them endure a little bit more thinking and making them work for it. And we talked 
 a little bit, well a lot, about durable learning, and how in order for learning to be more 
 enduring and durable, we have to give them that those obstacles and not just give them 
 all the information up front right away.  
Further, participants explained they were comfortable incorporating the retrieval strategies in 
their classes, as Participant I1 explained, “I really like professional development that's quickly 
implementable. So, I really appreciated like how, like all the strategies presented make it easy to 





their self-efficacy for employing instructional strategies that promoted retrieval by being able to 
leverage subtle practice changes to their instructional practices.   
 Participants reported how the AP PLC helped them incorporate specific activities in the 
classroom, which may explain the increase in participants’ self-efficacy to employ instructional 
strategies that optimize the benefits of retrieval with complementary strategies that was observed 
in the quantitative data. Participants explained several classroom activities that they became 
increasingly confident using, which existed along a continuum of technology levels. Participant 
I3 explained how they became confident using some relatively high-tech computer application 
that was modeled and practiced during the AP PLC as a form of low-stakes retrieval:  
 Quizalize is like a version of Kahoot!, but they do it themselves and they have like 10 
 seconds 20 seconds to answer questions. And it's kind of like a game review for them, 
 and they really didn't have the chance to look up questions because it’s so quickly  done, 
 and they really liked it and then it kind of gave them an analysis afterwards of the  things 
 they got right and things they got wrong. And it was a nice, kind of like low stakes 
 review where were seeing the results that weren't on blast for their class to see, but 
 they were able to kind of see their [individual] results.  
Participant I2 described some relatively low-tech applications (i.e., think-pair-shares and 
cumulative questions) they became increasingly comfortable using throughout the AP PLC:  
 I’ve been using think-pair shares a lot just a quick like okay what are you thinking what 
 do you remember, without looking at your notes. I think it’s a good kind of review for 
 them throughout the semester. I also started using like cumulative questions to things 
 over the course…and incorporate those and telling them to go back and make those 
 connections to previous units. 
Similarly, Participant I4 explained additional relatively low-tech specific activities (i.e., 
warmups, self-assessments, and reflections) that leverage complementary strategies to optimize 
the benefits of retrieval:  
 I really am trying to incorporate as much as I can into warmups practice where there's, 
 you know, they're not feeling like oh if I mess this up it's really going to impact my 





 small groups where we're collaborating, and I'm applying it to my classes. Like giving 
 more self-assessments, more reflections.  
Collectively, participants reported how the AP PLC increased their self-efficacy for employing 
instructional strategies that optimized the benefits of retrieval by incorporating various specific 
activities among their instructional practices 
 Participants reported how the AP PLC helped them support student studying, which may 
explain the increase in participants’ self-efficacy to encourage students to use retrieval practice 
when studying on their own that was observed in the quantitative data. Participants explained 
specific study strategies they modeled for students and how they provided opportunities for 
students to practice and develop such skills. For example, Participant I1 explained:  
 I'm like reminding them as they're studying to, for example, like they're working on an 
 outline, or a study guide, do everything you can first in one color, without any of your 
 notes, and then see where the blanks are see switch colors kind of see where you still 
 need work. Use your notes, go through, and then kind of like you know kind of where 
 your weak spots are and try to like move forward. And like I feel like they've been doing 
 that more, I'm seeing more study guides filled in the initial color, and like less, I had to 
 look at my notes.  
Participant I2 explained how their increased comfort with teaching studying strategies translated 
into more opportunities for students to develop studying skills: “If they were attentive during 
class, they definitely came away with better strategies for studying; I taught that more than I've 
ever taught before.” Participant I3 described how their confidence in teaching study strategies 
that leverage retrieval has increased and positively influenced students: 
 My confidence [for helping students learn how to study on their own has] definitely 
 increased. Before it was always kind of struggle, this is only my second year teaching 
 AP, and I struggled trying to teach them how to study. I think it's hard to give them the 
 skills to learn. Giving them some of these different like techniques has been really helpful 
 for me to help them.  
Collectively, participants reported how the AP PLC increased their self-efficacy for encouraging 





participants and providing participants opportunities to practice the strategies during the AP 
PLC, which supported effective student studying.  
 In summary, the quantitative analysis revealed that AP teachers’ self-efficacy of using 
retrieval practice strategies significantly increased in response to the AP PLC compared to the 
control group. The qualitative analysis revealed that AP teachers described how the AP PLC 
supported them in making subtle practice changes that leveraged the benefits of retrieval 
strategies for their students. Additionally, AP teachers described how the AP PLC helped them 
learn and incorporate specific activities in their AP classes that promoted retrieval in their 
students. Finally, AP teachers described how the AP PLC helped them learn how to support their 
students use of effective studying strategies when studying on their own. Overall, AP teachers’ 
self-efficacy regarding using retrieval practice strategies increased in response to the AP PLC.  
 RQ3:  To what extent did AP teachers increase their use of retrieval practice  
 strategies in their AP classes as a result of the AP PLC? 
 Participants reported the number of times they used retrieval practice strategies in one AP 
class during the previous week at the beginning of AP PLC sessions 2 through 13. Table 5.14 
shows the mean and median number of times that participants reported using retrieval practice 



















Participants’ Frequency of Using Retrieval Practice Strategies Over Time During the AP PLC 
Week 
number 
Mean number of reported uses of a 
retrieval practice strategy during the past 
week (n = 22; SD) 
Median number of reported uses of a 
retrieval practice strategy during the 
past week (n = 22; IQR) 
  2 0.91 (0.87) 1 (1) 
  3 3.41 (2.42)       2.5 (2.5) 
  4 3.09 (2.39)    2.5 (2) 
  5 3.32 (2.34) 3 (2) 
  6 3.27 (2.37) 3 (2) 
  7 3.27 (1.98) 3 (2) 
  8 4.45 (4.15)      3 (3.75) 
  9 3.86 (2.17) 4 (3) 
10 5.27 (5.88)      4 (2.75) 
11 4.41 (2.91)      4 (2.75) 
12 4.68 (2.97)      5 (2.75) 
13 5.50 (3.66)       4.5 (5.5) 
 
 The number of reported uses of retrieval strategies in AP courses generally increased 
over the duration of the AP PLC (see Table 5.14). Specifically, the mean number of reported 
uses of a retrieval strategy increased from week 2 (x̄ = 0.91, SD = 0.87) to week 13 (x̄ = 5.50, SD 
= 3.66). Figure 5.1 illustrates the increase in mean uses of the strategies reported over the 
duration of the intervention.    
 





 A Pearson correlation measured the relationship between the time, in weeks, of the AP 
PLC and the mean number of strategy uses reported by participants. All assumptions for a Person 
correlation were met (i.e., both continuous level variables, related pairs of variables, no outliers, 
approximately normally distributed variables, and a linear relationship between the variables). 
There was a strong, positive, significant correlation between time and mean strategy uses (r = 
.865, n = 22, p < .001). In summary, participants reported increased uses of the retrieval 
strategies in their AP courses over the duration of the intervention. Thus, teachers significantly 
increased their use of retrieval practice strategies in their AP classes as a result of the AP PLC.  
 RQ4:  What are AP teachers’ perceptions of how well students are prepared for 
 success in AP courses after the AP PLC compared to a control group?  
 The OES included 10 Likert-scale items that measured teachers’ perceptions of how well 
students are prepared for success in AP courses. The entire teachers’ perceptions scale from the 
OES and each of the two subscales were tested using Cronbach’s alpha to demonstrate internal 
consistency. The entire perceptions of preparedness scale from the OES demonstrated reliability 
(α = .93), as did the first subscale that included 4 items (α = .94) and the second subscale that 
included 6 items (α = .88). Initially, item 5 was intended to be included in the first subscale. 
However, exploratory factor analysis provided evidence that the first four items loaded on one 
construct and the last six items loaded onto a second construct. Upon further scrutiny, the 
language of item 5 was noticeably different from the first four items and the content of item 5 
aligned closer to the second subscale than the first subscale (see Appendix L). Therefore, items 1 
through 4 comprised the first subscale and items 5 through 10 comprised the second subscale. 










Factor Loadings for Exploratory Factor Analysis of the Perceptions of Preparedness Scale 
 Factor and subscale 
Item number 1 2 
Item 1 .91  
Item 2 .68  
Item 3 .85  
Item 4 .96  
Item 5  .44 
Item 6  .78 
Item 7  .47 
Item 8  .70 
Item 9  .72 
Item 10  .94 
 
 Table 5.16 shows the mean Likert-scale ratings from 1 (i.e., strongly disagree) to 6 (i.e., 
strongly agree) for the two teacher perceptions of preparedness subscales and the composite 
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aLikert scale ranged from 1 (strongly disagree) to 6 (strongly agree) 
 The mean preparedness ratings increased for the treatment group across both subscales; 
whereas, for the control group, the mean preparedness ratings decreased for both subscales (see 
Table 5.16). Notably, from the pre-test to the post-test, the composite mean Likert-scale score for 
perceptions of preparedness decreased by 0.04 for the control group and increased by 0.53 for 
the treatment group. Additionally, from the pre-test to the post-test, the composite standard 
deviation decreased for the treatment group (from 0.66 to 0.43)—which indicated a decrease in 
variation in participants’ perceptions of student preparedness for success in AP courses—
compared to no change in the standard deviation for control group. Finally, participants in the 
control and treatment groups did not begin with the same perceptions of student preparedness for 






analysis focused on examining the differences from pre to post between the control and treatment 
group.   
 The first perceptions of preparedness subscale measured AP teachers’ perceptions of AP 
students’ repertoire of effective learning and studying strategies. Repeated measures ANOVA 
compared teachers’ perceptions of student preparedness for success in AP courses before and 
after the intervention. ANOVA results indicated differences among the groups, F(1,33) = 10.22, 
p = .003. An independent samples t-test was used to reveal particular differences. All 
assumptions for independent samples t-tests were met. The t-test compared the mean change in 
the first perceptions of student preparedness subscale for teachers in the treatment (M = 0.64, SD 
= 0.55) and control groups (M = -0.03, SD = 0.61); t(33) = -3.36, p < .001. This result indicated 
that teachers in the treatment group demonstrated more gains in the first perceptions of student 
preparedness subscale than teachers in the control group.  
 The second perceptions of preparedness subscale measured AP teachers’ perceptions of 
AP students’ preparedness for success in AP courses. Repeated measures ANOVA compared 
teachers’ perceptions of student preparedness for success in AP courses before and after the 
intervention. ANOVA results indicated differences among the groups, F(1,33) = 17.9, p < .001. 
An independent samples t-test was used to reveal particular differences. All assumptions for 
independent samples t-tests were met. The t-test compared the mean change in the second 
perceptions of student preparedness subscale for teachers in the treatment (M = 0.42, SD = 0.37) 
and control groups (M = -0.05, SD = 0.19); t(33) = -4.26, p < .001. This result indicated that 
teachers in the treatment group demonstrated more gains in the second perceptions of student 





 Repeated measures ANOVA compared the composite perceptions of student 
preparedness for success in AP courses scores collected before and after the intervention. 
ANOVA results indicated differences among the groups, F(1,33) = 22.5, p < .001. An 
independent samples t-test was used to reveal particular differences. All assumptions for 
independent samples t-tests were met. The t-test compared the mean change in the composite 
perceptions of student preparedness scale for teachers in the treatment (M = 0.53, SD = 0.39) and 
control groups (M = -0.04, SD = 0.25); t(33) = -4.74, p < .001. This result indicated that teachers 
in the treatment group demonstrated more gains in the composite perceptions of student 
preparedness scale than teachers in the control group.  
 The gains in teachers’ perceptions of preparedness across the two subscales and the 
composite scale for the treatment group compared to the control group suggest the AP PLC 
positively influenced teachers’ perceptions of students’ preparedness for success in AP courses, 
perhaps by teachers infusing retrieval opportunities during instruction and by enhancing 
students’ study strategies (see Table 5.17).  
Table 5.17 
Mean Change in Teachers’ Perceptions of Student Preparedness for AP Courses 
Scale 
(number of items) 
Control mean 
difference (SD) 
Treatment mean  
difference (SD) 
t-test 
First subscale (4)    -0.03 (0.61) 0.64 (0.55) t(33) = -3.36, p < .001 
Second subscale (6)    -0.05 (0.19) 0.42 (0.37) t(33) = -4.26, p < .001 
  
Composite scale (10) 
 




t(33) = -4.74, p < .001 
 The analysis of qualitative data from interviews with participants in the treatment group 
helped reveal rich, descriptive details about how and why the AP PLC supported these increased 
perceptions of preparedness among teachers. Thematic analysis (Braun & Clarke, 2006) of 





AP PLC may indirectly enhance their students’ preparedness for AP coursework. The codebook 
for the interview data is presented in Appendix Q. Table 5.18 summarizes the three themes that 
emerged regarding how the AP PLC influenced teacher perception of student preparedness: 
specific strategies, student growth, and challenges of virtual learning. 
Table 5.18  
Themes for how the AP PLC Influenced Teachers’ Perceptions of Their Students’ Preparedness 
for AP Courses 
Theme Definition 
Specific strategies A range of skills and methods teachers and students can use to 
enhance durable and flexible learning  
 
Student growth Evidence observed by AP teachers indicating academic progress 
their students made that they attributed to retrieval strategies 
 
Challenges of virtual 
learning  
Practical barriers due to the virtual learning mode of instruction 
that may have mitigated some of the benefits of retrieval strategies 
 
 Participants reported how the AP PLC helped them provide their students with specific 
strategies to use when learning and studying, which may explain the increase in participants’ 
perceptions of students’ repertoire of strategies that were observed in the quantitative data. 
Participant I3 explained how they overestimated their AP students’ skill set for effective learning 
and studying:  
 I kind of assumed that they had the skills of at the beginning of the year and then as we 
 progress through I realized, they didn't. One of the biggest ones, but simple is vocab, like 
 we would talk about vocab in class and say okay and make sure you write this down. And 
 then I was finding later that I don't think they really were doing that, so I put together 
 some vocab lists for them later on. I’d give them the terms, they’d go through and define 
 the terms later on. And I really encouraged them to use either flashcards or Quizlet.  
Participant I5 also described how they found that using simple flashcards benefited their 
students’ learning:  
 A new strategy that I found from the PLC is making index cards. I've honestly not used 





 to do it but, when I use the index cards rather than having them just copy the information, 
 they have tools they can use for retrieval. 
Participant I4 explained how they were surprised that AP students eagerly engaged in low-stakes 
self-quizzes, even when they were not graded:  
 They prefer like the low stakes type of assignments, quizzes. So, I've been incorporating 
 those as warm ups. And they're doing better. And I said what do you think is the 
 difference here, and they're like well it's not graded. And I was thinking the opposite. I 
 was thinking okay, if I tell them it's not for a grade they're just gonna blow it off, but they 
 didn't. Plus, when it’s not graded, they’re less likely to look at their notes and more likely 
 to try to pull it out of their brain. 
Further, participants described strategies specific to their content areas that they added to 
students’ repertoire of effective learning and studying strategies. For example, Participant I5 
explained examples of creativity and arts integration:  
 Some of them would draw smiley faces using the diagram. And we'll use the eyes for the 
 two and the four chord and the mouth for the dominant chord. And these creative 
 illustrations would help to embed that in lasting thing memory that we're looking to get 
 them to have through you know durable learning. Students started to realize they can 
 create their own creative ways to help them remember.  
Collectively, participants explained how the AP PLC provided them with various specific 
strategies that they could pass along to their students, perhaps leading to increased teachers’ 
perceptions of their students’ repertoire of effective learning and studying strategies.  
 Participants reported how the AP PLC provided them with support to better prepare their 
students for academic success, which may explain the increase in participants’ perceptions of 
student preparedness for AP courses observed in the quantitative data. Participants described 
various examples of student growth they observed throughout the duration of the AP PLC. 
Generally, Participant I2 explained, “I can certainly see changes in scores in regards to some 
students, so it’s been a positive.” Participant I1 also described how they generally observed 





 One of the changes I made from this AP PLC was using some of these strategies. So, I 
 would say it definitely promoted like student growth, and I saw some students 
 understanding content better, and like kind of how to study and how they're pulling that 
 information out. 
Participants described that some students, who initially demonstrated resistance to using the 
strategies, eventually understood the value and benefits of using the strategies. Participant I4 
explained:  
 I think that with retrieval that maybe they're resistant, or have some kind of like 
 resistance to thinking about it in the beginning. Maybe because it’s harder. But I think 
 that that was far more effective in the long run and was super helpful for the students who 
 were doing everything with integrity. And they noticed that and told me that.  
Participants explained various ways they have noticed student growth in their specific content 
areas. For example, Participant I5 explained:  
 I try to get them to work through it a little bit longer and I use more direct questioning 
 and leading questions, rather than just giving them the answer right away, and what I'm 
 finding is over the long term, that it is helping them become more independent, as literate 
 musicians, and as readers of music, and that's kind of what I found over the course of this 
 semester.  
Participant I5 further explained their students demonstrated increased self-confidence as a major 
area of student growth, and they attributed that to the strategies conferred from the AP PLC:  
 I think they are much better prepared because of the self confidence that the methods, the 
 PLC provided for them. They now have an understanding that when they are given an 
 aural prompt, they don't have to sit there and wait and panic for the next listen, but rather 
 they can use their own thinking skills to retrieve that information. And because they have 
 that confidence, they're going to be able to go into the AP exam and feel more confident, 
 hopefully produce better results. And as free-thinking musicians in the future and outside 
 of the AP class. 
Collectively, participants explained how the AP PLC increased their perceptions of their 
students’ preparedness for academic success in AP courses because teachers observed student 
growth when they enacted the retrieval strategies.  
 An unanticipated but relevant theme emerged in response to a mode of instruction new to 





challenges of virtual learning may have mitigated some of their potential to effectively 
implement the strategies and to observe the effects of the strategies on their AP students. Thus, 
the challenges of virtual learning may have mitigated some of the increases in perceptions of 
student preparedness for AP courses observed in the quantitative data. Participants explained the 
ability to observe student behavior during virtual learning is challenging or even impossible if 
students do not have cameras turned on. Thus, participants expressed difficulty in being able to 
observe whether or not students were actually practicing retrieval during class. For example, 
Participant I2 explained: “I know, and the students know it's tough to really navigate this 
environment, it’s tough to tell who is being genuine with actually using retrieval.”  Participant 4 
explained how, unlike in a physical classroom, teachers cannot readily see if students are using 
other resources to access answers: “You know, in this virtual environment it’s hard to tell if 
they’re, you know, looking up answers instead of retrieving, it’s kind of hard to tell.” Participant 
I3 echoed that concern: “I think right now in the virtual world, one of the big drawbacks is that 
they can look up the answers. It's just a big thing that we haven't been able to prevent.” Despite 
describing several areas of student growth attributed to strategies leveraged from the AP PLC, 
participants acknowledged the challenges of virtual learning may have mitigated some of the 
benefits of the strategies from the AP PLC for students. Specifically, the virtual mode of 
instruction may have limited changes in teachers’ perceptions of student preparedness because 
teacher perceptions are based on opportunities to observe their students and student performance, 
which are relatively reduced in a virtual setting compared to in-person.   
 In summary, the quantitative analysis revealed that teachers in the treatment group 
reported perceiving significantly increased levels of students’ preparedness for success in AP 





AP teachers described how the AP PLC helped them provide their students with specific 
strategies to use when learning during class and when studying on their own. Additionally, AP 
teachers described various examples of their students’ growth they observed during the AP PLC. 
Finally, AP teachers acknowledged that some challenges of virtual learning may have mitigated 
some of the potential to effectively implement the strategies and to observe the effects of the 
strategies on their AP students. Overall, AP teachers perceived that the AP PLC supported their 
students’ preparedness for success in AP courses. 
 RQ5:  What is the difference between AP students’ unit test scores before and after 
 their teachers participated in the AP PLC compared to a control group?  
 Participants reported three aggregate, mean class unit exam scores to examine the effect 
of the AP PLC on student performance. Two of these student performance scores occurred 
before the AP PLC; a unit exam given during December 2019 and a unit exam given during 
September 2020. One of these student performance scores occurred after the AP PLC; a unit 
exam given during December 2020. The pre unit exam given during December 2019 shared the 
same unit content as the post unit exam given during December 2020; however, the mode of 
instruction differed between those two exams (i.e., the December 2019 exam was during in-
person learning; whereas, the December 2020 exam was during virtual learning). The pre unit 
exam given during September 2020 shared the same mode of instruction as the post unit exam 
given during December 2020 (i.e., virtual learning); however, the unit content differed between 
these two exams as the two exams occurs during different times in the curricula. Table 5.19 
shows these three aggregate mean unit exam scores reported by participants in the control (n = 










AP Students’ Aggregate Mean Unit Exam Scores Completed Before and After the AP PLC 
 
Unit exam 
Mean percent score (SD) 
Control group 
(n = 13) 
Treatment group 
(n = 22) 
December 2019  
Pre-AP PLC 
 
81.4  (4.17) 
 
79.6  (4.91) 
 
September 2020  
Pre-AP PLC 
 
82.6  (3.61) 
 
80.3  (4.74) 
 
December 2020  
Post-AP PLC 
81.7  (3.51) 82.1  (6.78) 
 
 Changes in pre-AP PLC and post-AP PLC aggregate mean unit exam scores were 
observed in the control and treatment groups (see Table 5.19). The changes in mean unit exam 
scores were greater for students in the treatment group compared to the control group. The 
difference in mean pre-AP PLC and post-AP PLC unit exam scores were compared for the 
treatment and control groups when the same content and same mode of instruction were tested 
(Table 5.20).  
Table 5.20 
Difference Between AP Students’ Mean Unit Exam Scores Completed Before and After the AP 
PLC 
Difference between pre-AP PLC and 














September 2019 to December 2020  







 Two independent samples t-tests compared the changes in mean exam scores observed 
for the treatment and control groups over two time intervals. All assumptions for independent 





scores from December 2019 to December 2020 and the change in control group mean exam 
scores from December 2019 to December 2020. This analysis evaluated differences in the scores 
of the same content but different modes of instruction (i.e., in-person and virtual). This t-test 
compared the mean change in exam scores for the treatment group (M = 2.51, SD = 7.25) and the 
control group (M = 0.32, SD = 4.11); t(33) = 0.995, p = .163. The second t-test compared the 
change in treatment group mean exam scores from September 2020 to December 2020 and the 
change in control group mean exam scores from September 2020 to December 2020. This 
analysis evaluated differences in the scores of the same mode of instruction (i.e., virtual) but 
different content. This t-test compared the mean change in exam scores for the treatment group 
(M = 1.82, SD = 6.69) and the control group (M = -0.85, SD = 2.78); t(33) = 1.36, p = .091.  
 In summary, modest changes in AP students’ aggregate mean unit exam scores were 
observed for AP teachers in the treatment group when the same content was tested (M = 2.51) 
and when the same mode of instruction was tested (M = 1.82). However, comparisons of the 
observed changes between the treatment and control groups indicated no significant differences 
between the groups. Possible interfering conditions are discussed in the limitations section 
below.  
Conclusions 
 The first research question sought to understand how teachers described their experience 
with the AP PLC. Quantitative analysis of survey data ranked on a one to six Likert-scale 
revealed teachers found the AP PLC meaningful (x̄ = 5.76, SD = 0.30) and engaging (x̄ = 5.73, 
SD = 0.42) at the conclusion of the intervention. Qualitative analysis of open-ended survey 
questions and document analysis of lesson elements provided descriptions of how teachers found 





components of the new learning and collaborative portions of the AP PLC were the presenter’s 
modeling of effective retrieval strategies, the evidence from research that informed the strategies, 
and the sharing of ideas among colleagues. Overall, these findings suggest that teachers were 
able to apply what they learned in the AP PLC meaningfully to their AP courses and that 
teachers were actively engaged in the learning and collaborative activities during the AP PLC. 
 The second research question sought to understand to what extent AP teachers’ 
knowledge and self-efficacy of retrieval practice strategies increased in response to the AP PLC 
compared to a control group. Quantitative analysis of Likert-scale survey data revealed the AP 
PLC increased teachers’ knowledge of retrieval practice strategies across the three subscales. 
Specifically, teachers’ definitional knowledge of retrieval practice strategies increased more for 
teachers in the treatment group than the control group (t[33] = -4.04, p < .001), teachers’ 
knowledge of instructional practices that evoke retrieval in students increased more for teachers 
in the treatment group than the control group (t[33] = -5.53, p < .001), teachers’ knowledge of 
how retrieval practice appears in classroom activities increased more for teachers in the 
treatment group than the control group (t[33] = -5.37, p < .001), and teachers’ composite 
knowledge of retrieval strategies increased more for teachers in the treatment group than the 
control group (t[33] = -5.16, p < .001). Qualitative analysis of interviews with teachers in the 
treatment group provided descriptions of how and why these increases in teachers’ knowledge 
were observed. Generally, teachers described the AP PLC as prompting them to more 
intentionally and conscientiously incorporate retrieval strategies in their classes and teachers 
described various complementary strategies they learned during the AP PLC that they infused 
into their instructional practices. Overall, the AP PLC enhanced AP teachers’ knowledge of 





 Quantitative analysis of Likert-scale survey data revealed the AP PLC increased teachers’ 
self-efficacy for using retrieval practice strategies in their classes across the three subscales. 
Specifically, teachers’ self-efficacy to employ instructional strategies that promote retrieval 
increased more for teachers in the treatment group than the control group (t[33] = -3.49, p < 
.001), teachers’ self-efficacy to employ instructional strategies that optimize the benefits of 
retrieval with complementary strategies increased more for teachers in the treatment group than 
the control group (t[33] = -3.38, p < .001), teachers’ self-efficacy to encourage students to use 
retrieval when studying on their own increased more for teachers in the treatment group than the 
control group (t[33] = -3.78, p < .001), and teachers’ composite self-efficacy for using retrieval 
strategies increased more for teachers in the treatment group than the control group (t[33] = -
4.40, p < .001). Qualitative analysis of interviews with teachers in the treatment group provided 
descriptions of how and why these increases in teachers’ self-efficacy were observed. Generally, 
teachers described that the AP PLC helped them: (a) make subtle changes to their practice to 
incorporate retrieval opportunities for students, (b) utilize a range of low-tech and high-tech 
classroom activities that promote retrieval, and (c) teach their students how to use retrieval 
strategies when studying on their own. Overall, the AP PLC enhanced AP teachers’ self-efficacy 
for using retrieval strategies that research has shown supports durable and flexible learning.  
 The third research question sought to understand to what extent AP teachers increased 
their use of retrieval practice strategies in their AP classes as a result of the AP PLC. Each week 
during the AP PLC teachers reported the number of times they used a retrieval strategy in their 
AP class during the previous week. Generally, teachers increased their use of retrieval strategies 
over the duration of the AP PLC. There was a strong, positive correlation between time (i.e., 





significantly increased their use of retrieval practice in their AP classes as a result of the AP 
PLC. 
 The fourth research question sought to understand AP teachers’ perceptions of how well 
students are prepared for success in AP courses after the AP PLC compared to the control group. 
Quantitative analysis of Likert-scale survey data revealed the AP PLC increased teachers’ 
perceptions of their students’ preparedness for AP courses across the two subscales. Specifically, 
teachers’ perceptions of students’ repertoire of effective learning and studying strategies 
increased more for teachers in the treatment group than the control group (t[33] = -3.36, p < 
.001), teachers’ perceptions of students’ preparedness for success in AP courses increased more 
for teachers in the treatment group than the control group (t[33] = -4.26, p < .001), and teachers’ 
composite perceptions of students’ preparedness for academic success increased more for 
teachers in the treatment group than the control group (t[33] = -4.74, p < .001). Qualitative 
analysis of interviews with teachers in the treatment group provided descriptions of how and why 
these increases in teachers’ perceptions of students’ preparedness were observed. Generally, 
teachers described: (a) the AP PLC helped them employ a range of specific strategies and 
methods that may support their students in becoming better learners, (b) evidence they observed 
of their students’ academic growth that they attributed to retrieval strategies, and (c) challenges 
presented by the virtual learning format that may have mitigated some of the potential benefits of 
using and benefiting from retrieval strategies. Overall, the AP PLC enhanced AP teachers’ 
perceptions of their students’ preparedness for success in AP courses, in part due to teachers’ 
observations of improvements that students showed when retrieval strategies were implemented. 
 The fifth research question sought to understand the difference between AP students’ unit 





group. Differences in mean unit test scores were measured when the same content was tested for 
the treatment group (M = 2.51) and control group (M = 0.32) and when the same mode of 
instruction (i.e., virtual) was tested for the treatment group (M = 1.82) and control group (M = -
0.85). The post-AP PLC aggregated mean unit test scores for the treatment group were compared 
to the pre-AP PLC aggregated mean unit test scores when the same content was tested (t[33] = 
0.995, p = .163) and when the same mode of instruction (i.e., virtual) was tested (t[33] = 1.36, p 
= .091). The limitations and challenges to teaching and learning virtually during the pandemic 
may have mitigated some of the potential benefits that may have been observed on student test 
scores. Nonetheless, the observed increase in students’ unit test scores was modestly greater for 
students whose teachers participated in the AP PLC than for students whose teachers did not 
participate in the AP PLC. 
 Overall, the findings of this study generally supported the theory of change (see Figure 
4.1) that the AP PLC aimed to achieve. That is, the intervention increased proximal outcomes 
(i.e., teachers’ knowledge of retrieval strategies and teachers’ self-efficacy for using retrieval 
strategies), which in turn, may have increased the slightly more distal outcome of teachers’ 
frequency of using retrieval strategies. Further, those three outcomes may have positively 
influenced the slightly more distal outcome of teachers’ perceptions of student preparedness for 
AP courses. In turn, those four outcomes may have positively influenced the slightly more distal 
outcome of students’ performance in AP courses, as measured by unit exam test scores. 
Collectively, this study observed increases across these outcomes that are represented in the 






 Several factors may have limited the potential to observe more compelling findings in 
this study. First, the AP PLC was initially conceived as an in-person professional learning 
experience, but due to the pandemic, the AP PLC was conducted virtually. Collaboration among 
teachers in a PLC may be less effective virtually than in-person, which may have mitigated some 
of the potential effects on the outcomes measured. However, considering emerging technologies 
and everything that has been recently learned about the potential of working and learning 
virtually, virtual professional learning may become increasing important and common, and this 
study may be used to inform future, virtual professional learning opportunities. Second, the 
virtual mode of instruction used for students may have limited teachers’ opportunities to infuse 
retrieval learning and studying strategies into their practice. For example, average weekly 
instructional time in the treatment and control schools was reduced from approximately 350 
minutes per week during recent previous school years to approximately 200 minutes per week 
during time when the AP PLC was conducted. This decreased instructional time may have 
inhibited teachers’ opportunities to infuse retrieval strategies learned during the AP PLC. 
Similarly, teachers who were experienced in teaching in-person had to learn effective methods 
and strategies for teaching virtually during the time when the AP PLC was conducted, possibly 
further inhibiting these teachers’ opportunities to infuse retrieval strategies in their classes. Third, 
teachers’ perceptions of their students’ performance, capacity, and fidelity of actually practicing 
retrieval when the strategies were implemented may have been limited by the virtual mode of 
instruction that reduced teachers’ ability to observe how students were working, because students 
in the treatment school typically did not turn on their cameras during virtual instruction. Fourth, 





observe more compelling findings. Fifth, the inability to obtain more distal outcome measures, 
particularly students’ AP exam scores, may have limited the potential to observe additional 
compelling findings. Finally, the comparisons in student performance (i.e., unit exam scores) on 
the same content was limited by having a varying mode of instruction (i.e., virtual and in-person) 
and the comparisons in student performance with the same mode of instruction has limited by 
students being tested on different content. Overall, several factors may have limited the potential 
to observe more compelling findings in this study.  
 Several factors may have limited the generalizability of this study. First, the AP PLC was 
conducted virtually, and the participants implemented the strategies learned through the AP PLC 
with their students using virtual instruction. Therefore, the generalizability of the AP PLC to in-
person professional learning and the generalizability of implementing the strategies with in-
person classes cannot be assumed. Second, all participants in this student were AP teachers. 
Therefore, the generalizability of a PLC that features retrieval learning and studying strategies to 
non-AP contexts cannot be assumed. However, previous research suggested retrieval strategies 
may positively influence a range of academic contexts (Agarwal, 2017; Bobby & Meiyappan, 
2018; Horvath et al., 2017; McDaniel et al., 2013). Finally, the demographic characteristics of 
treatment school may not align with some other schools and thereby limited the possible 
generalizations that can be made. For example, 95% of the participating teachers from the 
treatment school were White, 84% of the students in the treatment school were White, and 13% 
of students in the treatment school qualified for free or reduced meals in 2019. The control 
school was selected because it was the best matched school in the same district to the treatment 
school based on available academic metrics and demographics (i.e., 100% of the participating 





qualified for free or reduced meals in 2019); however, the student body in the control school was 
more racially diverse (e.g., 53% White) than the treatment school. Overall, several factors may 
have limited the generalizability of this study.  
Implications for Practice 
 Despite abundant research that demonstrated the benefits for students of using retrieval 
strategies on building durable and flexible learning (Agarwal et al., 2012; Butler, 2010; 
Dunlosky et al., 2013; Karpicke & Blunt, 2011; Roediger & Butler, 2011), the knowledge and 
application of these strategies are often underutilized in teachers’ instructional practices 
(Karpicke, 2016; Roediger & Pyc, 2012). Roediger and Pyc (2012) suggested that incorporating 
instructional practices that promote retrieval in students may be a practical and inexpensive way 
to enhance student learning. However, other researchers, such as Daniel (2012), have 
recommended steps that be taken before translating science of learning research to educational 
practice. These yet unrealized steps may be associated with the underutilization of retrieval 
strategies in teachers’ instructional practices. This evaluation of the AP PLC served to address 
some of Daniel’s (2012) suggestions of steps required before translating science of learning 
research to practice; specifically, “careful experimentation in select classroom contexts” (p. 251) 
and “development and design of classroom/teacher-friendly methods…into everyday practice” 
(p. 251). Thus, the implementation and evaluation of the AP PLC has taken important steps to 
help bridge the gap between research and instructional practice.  
 Notably, the AP PLC was an inexpensive and relatively short-term (i.e., 7.5 hours over 
13 weeks) professional learning experience that positively influenced various teacher and student 
outcomes. The AP PLC may serve as a model of a way to produce positive outcomes for teachers 





professional learning. The positive outcomes observed in the evaluation of the AP PLC may be 
achievable because they require only modest changes to teachers’ instructional behaviors, yet 
modest changes to instruction may translate into substantial growth in student learning. Such 
modest changes in teachers’ instructional behaviors may be readily transferable to all future 
classes taught. Additionally, this study showed how a local, contextualized, user-focused, 
grassroots professional learning experience can lead to measurable positive outcomes and may 
inspire other experienced teachers to conduct design or action research. Further, teachers who 
participated in the AP PLC may have enhanced their students’ understanding and use of effective 
learning and studying strategies, which may build academic skills and behaviors in those 
students that are not necessarily limited to a particular AP course; rather, when students learn 
optimal learning and studying strategies, those are skills and behaviors that students may apply 
to all their future academic endeavors.  
Future Research 
 Several recommendations for future research may extend the findings of this study. First, 
conducting a similar AP PLC in-person may inform the field to what extent the findings of this 
study may be observed in an in-person professional learning and instructional context. Second, 
measuring more distal student outcomes (e.g., AP exam scores, overall course grades, future 
course grades) may support understanding how durable the academic influences of the AP PLC 
are for students. Third, measuring student perceptions of learning and studying with the 
strategies may support understanding how students interact with the strategies, which may in 
turn, inform iterative improvements to the AP PLC and the influence of the strategies on student 
learning. Fourth, measuring teacher outcomes (e.g., knowledge of the strategies, self-efficacy for 





over a longer time period may support understanding how durable the changes in instructional 
practices that were observed in this study are for teachers. Finally, scaling up the AP PLC to 
various audiences may support understanding if this line of professional learning is generalizable 
to other contexts. Specifically, the strategies learned and implemented through the AP PLC may 
be substantially important to non-AP students and teachers, as well, because retrieval strategies 
have been shown to have benefits for students in various academic contexts (Agarwal, 2017; 
Bobby & Meiyappan, 2018; Horvath et al., 2017; McDaniel et al., 2013). Additionally, scaling 
up the AP PLC virtually may be feasible because of: (a) the logistical ease by which 
geographically distant teachers may participate, (b) the low financial cost required to implement 
the AP PLC, and (c) the short time frame during which the AP PLC can be completed. Further, 
conducting the AP PLC in contexts with various demographics may support understanding to 
what extent the influences of the AP PLC found in this study may also be found in other 
contexts. Overall, there are several recommendations for future research that may be valuable to 
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Using the context, input, process, and product evaluation model (CIPP) as a 
comprehensive framework to guide the planning, implementation, and assessment of 








Appendix A  
Research Summary Plan Matrix 
 




Data analysis  
method 
1. 
How has overall AP 
enrollment changed 
annually from the 2014-
2015 school year to the 
2016-2017 school year?   
AP enrollment will 
increase over the study 
period in schools where 
efforts to increase AP 
enrollment continue 
Setting: 
5 diverse schools in the district 
Data: 
Existing data from AP 
enrollment for each school in 





Existing data requested 
from district data 




-Analyze measures of AP enrollment over the 3 
years: 
  -Percent change from prior year  




How have AP exam 
scores changed annually 
from the 2014-2015 
school year to the 2016-
2017 school year? 
AP exam scores will 
decrease over the study 
period in schools where 
rising numbers of AP 
students are not 





5 diverse schools in the district 
Data: 
Existing data from AP exam 
score distribution for each school 
from 2015, 2016, and 2017 
Quantitative: 
Existing data requested 
from district data 





-Analyze measures of AP enrollment over the 3 
years: 
  -Percent change from prior year  
  -Chi square test 
 
3.  
What are AP teachers’ 
and principals’ 
perceptions of their 
students’ ability to be 
successful in AP 
coursework, including in 
terms of self-efficacy, 
motivation, and prior 
knowledge? 
AP teachers and 
principals will perceive 
AP students face 
challenges in AP courses 
due to limitations to self-




5 diverse schools in the district 
Participants: 
5 AP teachers (one per school) 
and 2 school principals of 2 of 





interview questions for 
teachers (#2F, 3A, 3C, 
4A) and principals (2D, 
3A, 3C, 4B) 
Qualitative: 
Identify a priori codes from defined constructs 
(self-efficacy, self-determination, motivation, 
prior knowledge) and identify emerging codes 







How do AP teachers and 
principals describe their 
professional 
development preparation 
for teaching AP courses? 
AP teachers benefit from 
engaging in valuable 
professional 
development specific to 
AP courses, such as the 
AP summer institutes, 
AP PLCs, and AP online 
forums 
Setting: 
5 diverse schools in the district 
Participants: 
5 AP teachers (one per school) 
and 2 school principals of 2 of 





interview questions for 
teachers (4F, 5C, 5D, 
5E) and principals (5A, 
5B, 5C) 
Qualitative: 
Identify a priori codes from defined constructs 
(AP teacher background, professional 
development) and identify emerging codes 
when analyzing transcripts (using Otter.ai) 
5.  
What instructional 
actions have teachers 
taken to address student 
success in AP 
coursework? 
 





some instruction on 
exam preparation, and 
facilitated study and 
review sessions 
Setting: 
5 diverse schools in the district 
Participants: 
5 AP teachers (one per school) 
and 2 school principals of 2 of 






interview questions for 
teachers (#3B, 4C, 4D, 
4E, 5G) and principals 
(#3B, 4C, 4D, 5D) 
Qualitative: 
Identify a priori codes from defined constructs 
(teacher practices, exam preparation, learning 
strategies) and identify emerging codes when 
analyzing transcripts (using Otter.ai) 
6. 
To what degree are AP 
teachers in different 
content areas similar 
prepared to provide 
effective instruction for 
success in AP courses? 
Teachers and principals 
will perceive innovative 
instructional practices 
(e.g., PBL, flipped 
lessons, inquiry-based 
lessons, student-centered 
lessons) as enhancing 
student success.  
Setting: 
5 diverse schools in the district 
Participants: 
5 AP teachers (one per school) 
and 2 school principals of 2 of 





interview questions for 
teachers (4B, 5A, 5F) 
and principals (4A, 5A) 
Qualitative: 
Identify a priori codes from defined constructs 
(instructional practices, pedagogy) and identify 
emerging codes when analyzing transcripts 




Instrument: Semi-Structured Interview Questions for AP Teachers 
Introductory script 
Hello, I am Tom Keller, and I am a teacher in the district. I am also a student in an Ed.D. 
program getting my doctorate, and in that capacity, I am conducting research that is related to 
your experiences in your professional context. There are no right or wrong answers to any of 
these questions; I am looking to better understand factors related to your context.  To make sure I 
remember your responses with your permission I will be taking notes and audio recording this 
interview. The interview will take approximately 45-60 minutes. You can skip over any 
questions you do not wish to answer, and you can stop at any time. Before we get started, do you 
have any questions about the process?   
 
Semi-structured interview questions for AP teachers 
*Note: All of the following questions were used. Some of these questions are optional 
follow-up questions, and some of these questions may require additional probing 
questions.  
 
1. General/background  
A. How long have you been teaching generally and more specifically teaching AP course(s)?  
B. What AP course(s) have you taught?   
C. What school(s) have you taught AP course(s)?  
2. Perceptions of the AP program enrollment and exams 
A. What changes have you noticed in your AP course enrollment numbers over time?  
B. Has your school actively tried to increase AP enrollment?  
i. What were your school’s strategies to increase enrollment? 
ii. If so, has AP enrollment actually increased?  
iii. Have you noticed any effects of this increased AP enrollment on your 
classroom instruction?   
C. How do you feel about efforts to increase AP enrollment?   
D. What efforts has your school made to affect the number of students taking AP Exams? 
i. Have these efforts had an impact on the number of AP Exams taken? 
ii. How do you feel about efforts to affect the number of students taking AP 
Exams? 
E. What changes have you noticed in your students’ success on AP exams over time?  
F. Are there prerequisites for enrolling in your school’s AP courses (GPA, pre-test, 
coursework, etc.)?  
o To what extent are all students in your school aware of these requirements and of 
how they can all gain access to AP courses?  
3. Perceptions of AP students’ preparedness 
A. Over time, have you noticed changes in the academic preparedness of students in your 
AP courses?   
i. What preparation or prior coursework do students in your AP course 
experience?   
B. What components have you added to your AP courses over the years to support 






i. How do you know if students are successful?    
C. What have you noticed about the characteristics of students who are successful in your 
school’s AP courses or characteristics of students who are unsuccessful?  
i. How have you adjusted your instructional practices to meet the needs of all 
students in your AP course?   
4. Barriers   
A. What skills or characteristics do you think are essential for student success in your AP 
course once they are in your class?  
B. What are the biggest challenges you have noticed in helping students pass the AP 
exam?  
i. How have you achieved success in overcoming these challenges?  
C. Are you the only teacher of your AP content in your school?   
i. What are the positives and negatives of that?  
D. What interactions do you have with the teacher of the course students take just before 
your AP course?   
E. How do you approach teaching an AP course differently from a non-AP course?  
F. Do you believe your AP course adequately covers all the testable content on the AP 
Exam?  
 
5. Supports  
A. What supports would be most helpful for you to improve outcomes for all students in 
your AP courses?  
B. What instructional practices do you find most successful in your AP course? 
C. In teaching your AP course, what:  
i. Resources have best supported you and your students 
ii. Training has best supported you to prepare your students 
D. Have you attended a College Board AP Institute?  
E. Have you been a Reader for AP Exams?  
F. Do you use items released from the College Board in your courses, such as practice AP 
Exams, previous student exam data analysis, etc.?  
















Instrument: Semi-Structured Interview Questions for Principals 
Introductory script 
Hello, I am Tom Keller, and I am a teacher in the district. I am also a student in an Ed.D. 
program getting my doctorate, and in that capacity, I am conducting research that is related to 
your experiences in your professional context. There are no right or wrong answers to any of 
these questions; I am looking to better understand factors related to your context.  To make sure I 
remember your responses with your permission I will be taking notes and audio recording this 
interview. The interview will take approximately 45-60 minutes. You can skip over any 
questions you do not wish to answer, and you can stop at any time. Before we get started, do you 
have any questions about the process?   
 
Semi-structured interview questions for principals 
*Note: All of the following questions will not be covered. Some of these questions are 
optional follow-up questions, and some of these questions may require additional probing 
questions.  
 
1. General/background  
A. How long have you been a principal?  
B. Have you ever taught an AP course?  
2. Perceptions of the AP program  
A. What changes have you noticed in your AP course enrollment numbers over time?  
B. Over time, has your school actively tried to increase AP enrollment?  
i. If so, has AP enrollment actually increased?  
ii. Have you noticed any effects of this increased AP enrollment?   
C. How do you feel about efforts to increase AP enrollment? 
D. Are there prerequisites for enrolling in your schools AP courses (GPA, pre-test, 
coursework, etc.)?  
i. Are all students in your school aware of these requirements and of how they can 
gain access to AP courses?  
E. What changes have you noticed in your students’ success on AP exams over time?  
3. Perceptions of AP students  
A. How does student preparedness for AP courses now compare to student preparedness 
10 years ago?  
i. Study skills, learning strategies, content background, motivation, efficacy?  
ii. In what ways does prior coursework affect student performance once they enter 
AP courses?  
a. If so, are you aware of any changes to instructional practices teachers 
have made to account for this?    
1. Were the changes successful?   
B. Do you think AP teachers help teach students develop basic academic skills and 
learning strategies?    
C. What have you noticed about the characteristics—or types of preparedness—of 






4. Barriers   
A. What are the biggest challenges students in your school have with passing the AP 
exam? 
i. In what ways have teachers achieved success in overcoming these challenges?  
B. What basic academic or study skills do you think are essential for student success in 
your school’s AP courses?  
C. What types of opportunities do AP teachers in your school have to collaborate with 
others?  
D. Have you noticed if teachers who teach both AP and non-AP courses approach 
teaching an AP course differently than a non-AP course?  If so, in what way(s)? 
5. Supports  
A. What supports do you believe would be most helpful for AP teachers in your school to 
improve outcomes for all students in your AP courses?  
B. Have AP teachers reported which:  
i. Resources have best supported them? 
ii. Training has best supported them? 
iii. Instructional strategies have best supported them? 
C. Do teachers in your school have an opportunity to attend the College Board AP 
Institutes?    























Recruitment Email to AP Teachers  
My name is Tom Keller and I am a doctoral student at Johns Hopkins University School 
of Education, and I am conducting research related to the Advanced Placement (AP) Program.  I 
am emailing to request conducting a semi-structured interview with you.  Ideal interviewees will 
have 5 or more years of experience teaching an AP course. The interview will last approximately 
45-60 minutes and can be conducted over the phone or in person.   
Please let me know if you are willing to participate in this research. Thank you for your 




These materials are neither sponsored by nor endorsed by the Board of Education of Baltimore 















Recruitment Email to School Administrators 
My name is Tom Keller and I am a doctoral student at Johns Hopkins University School 
of Education, and I am conducting research related to the Advanced Placement (AP) Program.  I 
am emailing to request conducting a semi-structured interview with you.  Ideal interviewees will 
have been the principal of your school for at least three years, and your school will have had a 
continually running AP Program for at least the past 10 years. The interview will last 
approximately 45-60 minutes and can be conducted over the phone or in person.   
Please let me know if you are willing to participate in this research. Thank you for your 




These materials are neither sponsored by nor endorsed by the Board of Education of Baltimore 





Needs Assessment Codebook 






An active effort by 
schools and teachers 
to encourage 
increasing numbers 
of students to enroll 
in AP courses 
We strongly encourage these kids to take AP classes, even though they quite weren’t ready for the 
class (A) 
 
We have tried to increase enrollment in AP classes, some more than others (C) 
 
I started with one section, and I worked my way up to two sections. And I'm trying to recruit kids 
from all levels. And, you know, going through that diversity piece, And I don't know if we've 
really hit the mark on that. But I see a difference in the kids that I'm kind of recruiting, you know, 
they need...something. But I kind of thought it was important to make all the kids that take either 
living systems or back then bio, feel welcome to try to take it, right. And that may have hurt my 
test scores. (D) 
 
There has been a big push to increase enrollment. We go around, talk to students, talk to classes of 
all levels (E) 
 
Our goal here is to increase access...over the past five years, we've increased the number of test 
takers and tests given (F) 
 
When I was assistant principal, at one point, about 2007, the superintendent made an edict, every 
high school in [the district], that every high school would offer at least 13 AP course offerings. 
And so for the school that I was in at the time, that was not the case. So, we ended up, you know, 
putting these courses out there that we had not previously offered, trying to get teachers ready to 
deliver them, and then also trying to convince, you know, the school to push enrollment (F) 
Open access A school action of 
removing 
prerequisites for AP 
courses as part of 
efforts to increase AP 
enrollment 
If any student wants to take it they could (B) 
 
Years ago there were GPA requirements, no more (C) 
 
because they were not in a GT class, they may not have the same level of access to the program. 
What we're finding is that that eighth to ninth grade year is really an opportunity where we can 







There are NOT a lot of entry points that you tend to see through elementary and middle school. 
So, we really tried to kind of have a mindset of opening doors for kids who want to self-select in 
or getting a recommendation from the teacher (G) 
Lower-level 
classes 
Standard and honors 
level courses, as 
opposed to the 
advanced academic 
track, gifted and 
talented (GT) 
Branched out to the standard teachers to get students who typically wouldn't sign up for an AP 
course, and try to get them up to speed so they're not super unprepared (C) 
 
We try to find students in lower level classes who can be on an AP trajectory, regardless of their 
placement (F) 
 
Also, we have the opt in program, so you could have never had a GT English class, and you can 
select AP. Which again sounds great, inclusive, we’re all for that, but again there is that gap [in 
prior knowledge] there (E) 
College 
admissions 
The ways that the 
college admissions 
process influences 
student enrollment in 
AP courses 
A certain group of students are choosing more AP classes, taking 4 or 5 AP, and that workload 
may contribute to a lack of success (E) 
 
A little over ten years ago, the College Board, really pushing in to the system and pushing into the 
classroom and AP courses became so much more of a higher stakes thing for college acceptance 
(F) 
 
Jockeying for position in class rank (F) 
 
“[There is] competition between [college] credit that the student could possibly get through [the 




side effects of efforts 
to increase AP 
enrollment 
I had AP classes of 4 kids…that was unintended consequences of increasing enrollment…that was 
something very difficult to maintain... with our resources continuing to dwindle, regardless of 
access, seven kids in the class or not, is not sometimes the wisest use of resource  (F) 
 
The academic profile of AP courses has shifted, that’s what we want to do…we want to shift all 
kids up a level. But we encountered problems [when] not everyone starts from the same spot (F) 
 
it's been very few times where I would say somebody in like a standard track has gone up to an 
AP track and been successful (B) 




The relatively low 
level of importance 
placed on AP exam 
pass rates compared 
Over the years, it’s always been just about the enrollment numbers (A) 
 






to increasing AP 
enrollment 
The best admin I ever worked for said, yes, I know the score is important, but I also know the 
experience of taking the exam is valuable for our students (C) 
 
The school wants the enrollment numbers, so we get high marks in that, but they also want the 
pass rate. It’s not like there is a punitive side to it, but there is a judgement. (E) 
 





schools that mere 
exposure to AP 
courses will result in 
improved student 
outcomes 
While they might not be like, A or B students, you know, they will benefit from taking a more 
rigorous, and in [sic] college level class to prepare them for college. (A) 
 
Access to that kind of curriculum has had a positive effect on the overall achievement of those 
kids (E) 
 
For us, it really is an exposure to that rigor and to that type of thing (F) 
 







The diverse range of 
academic skills 
demonstrated by AP 
students 
This has kind of been the trend over the years, there's a lot of gaps in learning coming from the 
middle school and coming from early high school (A) 
 
A lot of them come in with varying ability levels, which was not the more traditional AP English 
classroom…for instance, we tested this year…scores ranged from 14-51 (out of 55 MC) within 
one single class. That wasn’t the case several years ago (E) 
 
I didn't feel they had enough skills to be able to interpret and analyze authentic resources they 
were expected to know and complete on the AP exam (A) 
 
It's not motivation holding them back (D) 
 







experienced by AP 
students 
They haven’t always gotten a good education that should make them ready (C) 
 
Students who are not coming from a GT background tend to struggle in my [AP] course…they 






You do need to have, you know, certain skills in order to be successful at the exam. Because 
there's so many gaps and differences in what they've learned (B) 
 
Last year there were teachers who said that they couldn't teach the proper curriculum, because 











academic profile of 
AP classes 
My thinking may have been different several years ago, but I think our AP teachers have begun to 
shift from a mindset of a student needs to come in and be prepared and have all the skills 
necessary, as opposed to where we are going, which is meeting the students where they are and 
really having a similarly responsive mindset that you would have with a non-AP class (G) 
 
Our teachers have really said, we are going to recognize those gaps and we're going to find ways 
to close them, as opposed to, say, a student has a gap in their learning or skill and they're therefore 





Skills students may 




You really have to teach them how to take the exam (D) 
 
I'm learning with the kids so learning what works and what doesn't work and what they need to 
focus on more. It allowed me and my students to get better at taking the exam (B) 
 
There's not enough time in the day that I can teach them all the vocabulary that they can actually 
see in the exam. So a lot of the skills that they need, is being able to interpret and using what they 
know to different applications, to be able to and understand either a text and audio. And then of 





Opportunity to groom 
students for AP 
because the teacher 
knows what skills 
and knowledge are 






So it starts right from the beginning of first year that I had them as a freshman or sophomores and 
building those skills that I knew they needed to be able to analyze text and be able to interpret 
audio (A) 
 
When those students that I taught in the freshman year, come back to me as juniors and seniors 
like that, it's just fabulous, because first of all, I know what they know, or should know, right? 
Because I taught them (D) 
 











You can kind of more easily identify if those students are ready for AP and what they need…what 
you need to get to them in terms of content knowledge and skills (B) 
 
When I teach GT Biology, the feeder to APES and AP Bio, I can create a pipeline (C)  
 
We really tried to create an AP program as a school as where I think previously we've really been 
looking at it departmentally. So English was doing one thing, SS may be doing another, but 
recently, looking at recruitment and retention as a whole school. We really tried to create what we 
call an AP community so students are really feeling that the part of a pipeline or part of our 
program really starting in the summer prior to ninth grade (G) 
Studying 
strategies 
Skills and techniques 
students apply to 
enhancing learning, 
memory, and transfer 
How to study and how to take notes (B) 
 
In the past two years, I've become more aware of student needs in terms of needing to learn how 
to study. I used to have this assumption that they knew what they were doing already, and that was 
incorrect.  (B) 
 
They don't know how to study  (A) 
 
When you say study, they don't necessarily know what that means (C) 
 
How they should figure out the best way to study (D)    
 
They need assistance with those kind of skills, those are key to keeping the students on track. We 
don’t have time to teach those skills…but they need that (E) 
 
Contrastingly… 






I've had a few teachers over the years, I was able to collaborate with, but was never a great 
experience...I would love to find someone who was willing to collaborate and share (A) 
 
I’ve worked with people in the past who did not want to collaborate (E) 
 







Isolation The sense of having 
limited collaboration 
opportunities due to 
being the only 
content-specific AP 
teacher in a school 
I’ve been the only [AP] World History teacher at [my school] for many years (D) 
 
It is isolating, I don't have anyone to bounce ideas off of (C) 
 
Insufficient opportunities for collaboration (B) 
 
We need to better diversify our portfolio of AP teachers…need to get more teachers involved in 





teachers of various 
grade levels, which 
can align content, 
expectations, skills, 
and knowledge for 
students as they 
progress through 
grade levels 
New this year, four times a year, we are vertical teaming with all the high school and middle 
schools in our region (A) 
 
Vertical teaming is extremely important, and it’s probably less common than grade-level teaming 
(E) 
 
Have gone down to the middle school or a little bit of vertical alignment (B) 
 
Helps the middle school teachers understand what students will need once they get to AP classes 
in high school (B) 
 
Collaborating back with that ninth-grade teacher (G) 
 











sponsored by the 
College Board to 
prepare teachers for 
instructing specific 
AP content area 
courses 
I've done that summer institute...and that’s great, especially as a new AP teacher, going and not 
only learning about the exam itself but getting a lot of resources from those who are in the class as 
well as the professor. The teacher provided a lot of the textbooks that are offered as samples (A) 
 
So valuable…I learned so much from that (C) 
 
I don't think I could have taught the course, like I would have gone in, you know, quaking in my 
boots, if I hadn't taken that course...I think it might be more useful to have like, even every couple 
of years, an institute that like, you know, an update or brush up, here's what's new, you know, I 






The district is pretty keen on sending you if you're a first timer, but after that, it's too expensive 
(D) 
 







An online resource 






boards and resource 
sharing 
College Board online collaboration, this is the first summer that I actually took a look at it. And 
some things are good, some things are not so good. It really just depends on who's posting it (A) 
 
I find it cumbersome (C) 
 
I don’t find the time to use the online forum, it's daunting (E) 
 
My teachers will tell me the most valuable experience for them is grading AP exams and really 
seeing firsthand the quality of work that is expected on that exam and then really using that to be 
able to backwards map their instruction. So, we've had several instructors be able to participate in 





A group of educators 
who collaborate 
regularly to share 
expertise and work to 
improve teaching 
skills and student 
outcomes 
Sharing of data and best practices, and just providing time, whether it's the whole school, or all 
social studies, or breaking it down, you know even more specifically, would be huge (G) 
 
For the first time this year, the AP science teachers have common planning time, which is 
amazing. (B) 
 
We have a PLC now, it’s departmental, but we don’t really do much. I’d much rather be able to 
collaborate with other AP teachers in the school (E) 
Positive 
deviants 
AP teachers whose 
behaviors result in 
substantially better 
outcomes compared 
to similar peers 
Lead to conversations…what do you do in the classroom that is leading to success? I think there is 
value in knowing that…there should not be shame in scores… (C) 
 
It could be valuable if you take into account all the variables, which is hard to do (E) 
 
If we could use those people for PD and they’d be willing, then that would be great (E) 
 
Absolutely. It has to be a very careful process. But like any piece of data. There is a lot to be 
learned from it, particularly when you really break that data down. And you can look at it year 
after year as well. You know, we share that as a leadership team, we all meet with each individual 
teacher and go over strengths and challenges. And certainly, from a school system level it would 





success being experienced and, you know, it's about a master teacher who can help out with a 





A form of student-
centered, active 
learning in which 
students often pose 
questions, solve 
problems, and 
construct their own 
learning (e.g., 
project-based lessons 
and flipped lessons) 
I know I should use more student-centered lessons and less lecture, but I don’t know how to create 
those kinds of lessons given my time constraints (B) 
 
Some [AP teachers] use flipped lessons, but I haven’t taken that leap yet (C) 
 
The social studies department has shifted their AP courses toward project-based activities, it’s 






programs designed to 
prepare incoming AP 
students for the 
rigorous coursework 
and expectations of 
their upcoming AP 
course 
Primarily to establish a level of expectations for AP… 
 
We offer a bridge program in the summer, where basically, it's an exposure to different strategies 
to help manage, things like organization, like note-taking. Like before maybe getting a jump on 
the actual curriculum, it's really just kind of teaching and kind of exposing the rigor of what needs 
to happen in order to be successful (F) 
 
So, we did a prep and AP boot camp over the summer with some of those students [new to 
advanced coursework] and then some of our students who took AP courses previously, who could 
return and provide them with additional support they may need going into the next school year (G) 
 
We’ve tried a summer program for a week while expanding AP enrollment. Worked together to 
generate some organization skills, team building, content activities, to help kids who have stepped 
up to take the class feel more comfortable and confident (C) 
 














































1) How did AP 
teachers describe their 









































Quan: Process Evaluation Survey (PES) 
(Appendix I; Likert, rate specific aspects of 
the program) 






Qual: Process Evaluation Survey (PES) 
(Appendix I; Open-ended survey 
questions) 
e.g., Briefly describe how the presentation 
of retrieval practice strategies in the AP 
PLC was engaging for you 
 
Qual: Document Analysis for Deliverable 
Outputs of the AP PLC 
(Photodocument teacher-created lesson 




Quan: Attendance Log of the AP PLC 
 
The student researcher 
will conduct a 
combined Qual and 
Quan survey three 
times; after weeks 4, 8, 




Descriptive statistics and 
ANOVA to examine 





Deductive coding for a 
priori codes (e.g., modeling, 
collaboration); inductive 
coding to allow additional 
codes to emerge  
 
Deductive coding for a 
priori codes (e.g., modeling, 
collaboration); inductive 
coding to allow additional 











Construct  Data Sources  Data Collection Tool Frequency & 
Responsibility 
Data Analysis 
2) To what extent did 
AP teachers’ knowledge 
and self-efficacy of 
retrieval practice 
strategies increase in 
response to the AP PLC 















35 AP teachers 





5 AP teachers 
Quan: Outcome Evaluation Survey (OES) 
(Appendix L; Likert scale, adapted from 
existing surveys) 
e.g., Repeatedly rereading information 




Qual: Semi-structured interviews 
(Appendix M) 
e.g., How has the AP PLC changed your 
understanding of what retrieval practice 
learning and studying strategies are? 
Survey will be conducted 
by the student researcher 













Once, after the 
intervention 
Descriptive statistics and 
repeated measures 
ANOVA and t-tests to 





Deductive coding for a 
priori codes (e.g., spacing, 
interleaving); inductive 
coding to allow additional 
codes to emerge 
 
3) To what extent did 
AP teachers increase 
their use of retrieval 
practice strategies in 
their AP classes as a 












Quan: Frequency of Use Survey (FUS)  
(1-item survey) 
e.g., How many times do you use retrieval 




Weekly (at the beginning 
of each session regarding 




Descriptive statistics and 
Pearson’s correlation to 




4) What are AP 
teachers’ perceptions of 
how well students are 










Quan: Outcome Evaluation Survey (OES)  
(Appendix L; Likert scale) 
e.g., My AP students are well prepared for AP 
exams  
 
Survey will be conducted 
by the student researcher 
pre- and post- the 
intervention 
 
Descriptive statistics and 
repeated measures 





AP courses after the AP 
PLC compared to a 














Qual: Semi-structured interviews 
(Appendix M) 
e.g., How has the AP PLC prepared you to 
help all your AP students be better prepared 
for AP coursework? 













Once, after the 
intervention 
examine differences over 
time 
 
Deductive coding for a 
priori codes (e.g., spacing, 
interleaving); inductive 
coding to allow additional 
codes to emerge 
5) What is the 
difference between AP 
students’ unit test scores 
before and after their 
teachers participated in 
the AP PLC compared 










from 35 total 
AP teachers 
Quan: Select aggregate course mean unit 
exam scores from December 2019 (pre-
intervention), September 2020 (pre-
intervention) and Fall 2020 (post-intervention) 
Student research will 
collect this data once after 
the intervention (reported 
by AP teacher 
participants) 
Descriptive statistics and 
independent samples t-
tests to examine 







35 total AP 
Teachers 
Quan: Researcher-created survey 
e.g., For how many years have you been a 
teacher?  








35 total AP 
Teachers 
Quan: Researcher-created survey 
e.g., For how many years have you been an 
AP teacher?  







Process Evaluation Survey (PES) 
Participants: Treatment group only 
Frequency: After weeks 4, 8, and 13 of the AP PLC 
 
Process Evaluation Research Question: How did AP teachers describe their experience in the 
AP PLC?  
 
Scale: AP teachers’ experiences in the AP PLC 
Items #1-6 are on a rating scale: 
  1 – Strongly disagree   
  2 – Moderately disagree 
  3 – Disagree slightly more than agree 
  4 – Agree slightly more than disagree 
  5 – Moderately agree 
  6 – Strongly agree 
 
Subscale: Meaningfulness of the AP PLC 
 
The term “strategies” in following 6 statements refers to the retrieval practice strategies 
presented in the AP PLC. 
1) I can apply the strategies to my AP course. 
2) The strategies can help my AP students be successful in my course. 
3) The research evidence for using the strategies helped me understand how to apply these 
strategies in my AP course.  
4) The modeling of the strategies helped me understand how to apply these strategies in my 
AP course. 
5) The collaboration with colleagues helped me understand how to apply the strategies in 
my AP course. 
6) The coaching support provided by the professional learning leader helped me to transfer 
the strategies to use in my AP course. 
 
Items #7 and 8 are open ended questions: 
7) Briefly describe how the presentation of retrieval practice strategies in the AP PLC was 
meaningful for you to use in your AP class.  __________________________ 
8) Briefly describe how the collaborative activities in the AP PLC were meaningful for you 












Subscale: Engagement in the AP PLC 
 
The following 5 statements refer to your engagement during the AP PLC.  
1) I was engaged in the presentation of research evidence for using retrieval practice 
strategies.   
2) I was engaged in the modeling of retrieval practice strategies. 
3) I was engaged in the collaborative activities. 
4) I was engaged in the coaching provided by the professional learning leader. 
5) I engaged in developing lesson elements for my AP course that incorporated retrieval 
practice strategies.  
 
Items # 6 and 7 are open-ended questions: 
6) Briefly describe how the presentation of retrieval practice strategies in the AP PLC was 
engaging for you. ________________ 
 






Subscale: Moderating Variable Data    
(Only included on the FIRST of three PES administered) 
1) How many total years of experience do you have as a classroom teacher/general 
educator? ____ 














Participant Recruitment Email for Potential Participants in the AP PLC 
 
My name is Thomas Keller and I am a doctoral student at Johns Hopkins University School of 
Education, and I am conducting research related to enhancing AP student learning.  I am 
emailing to request your voluntary participation in the AP Professional Learning Community 
(AP PLC) featuring retrieval practice learning strategies.  Participants will need to be full-time, 
certified teachers at Hereford High School who are assigned to teach at least one AP course 
during the 2020-2021 school year.  The AP PLC will meet weekly for 13 times, beginning 
September 2, 2020 at Hereford High School.  The first session will last approximately 90 
minutes, followed by 30-minute sessions that involve new learning about retrieval practice 
strategies and collaborative time to develop ready-to-use lesson components for your AP courses 
that are specifically designed to enhance student learning and studying strategies.  Bodies of 
evidence suggest these strategies and the AP PLC may help improve student outcomes.   
Please let me know if you are willing to participate in this research. Thank you for your 




These materials are neither sponsored by nor endorsed by the Board of Education of Baltimore 













Participant Demographic Data Survey (DDS) 
 
Participants: Treatment group 
Frequency: post AP PLC 
 
 
1) Select your race(s). 




e. Native Hawaiian or Other Pacific Islander 
f. White 
g. Other 
h. Prefer not to answer 




d. Prefer not to answer 





















Outcome Evaluation Survey (OES) 
Frequency: pre- and post- intervention 
Participants: Treatment and control groups 
 
Outcome Evaluation Research Question 1: To what extent did AP teachers’ knowledge and 
self-efficacy of retrieval practice strategies increase in response to the AP PLC compared to a 
control group? 
 
Scale: AP teachers’ knowledge of retrieval practice strategies  
 
 
 Subscale: Definitional knowledge of retrieval practice strategies 
 
Determine whether each of the following items is True or False: 
1) Repeatedly rereading information describes retrieval practice.  
2) Massed practice is when students study together. 
3) Recalling information from memory describes retrieval practice. 
4) Spaced practice is studying in short episodes over several days. 
5) Mixing up the types of problems to be solved describes interleaving practice.  
6) Repeatedly relistening to information describes retrieval practice.  
7) Massed practice is cramming for a test. 
8) Studying one concept before moving on to the next concept is interleaving practice. 
9) Providing feedback to a learner immediately after completing a task enhances durable 
learning. 
10) Spaced practice is when students study independently.  
11) Studying in a way that is difficult but manageable can enhance durable learning.  
12) Providing feedback to a learner a couple of days after completing a task enhances durable 
learning.  
13) Studying in a way that is difficult but manageable can make learning more flexible so it 
can be applied to other situations. 
14) Massed practice enhances durable learning. 















Subscale: Knowledge of instructional activities that evoke retrieval practice in students 
 
For each instructional behavior, determine whether the teacher employs a retrieval 
practice strategy. (True or False) 
1) Providing students with immediate feedback following a quiz supports students’ durable 
learning more than providing students with feedback two days after the quiz. 
2) Providing students with groups of similar problems during a unit review promotes more 
effective retrieval practice than mixing up types of problems during a unit review. 
3) Periodically reviewing content over time offers more effective retrieval practice for 
students than reviewing content all at one time. 
4) Encouraging students to highlight notes and text provides students with opportunities for 
effective retrieval practice. 
5) Playing a review game requiring recall (e.g., Kahoot! or Quizlet) provides students with 
opportunities for effective retrieval practice.  
 
 
 Subscale: Knowledge of how retrieval practice appears in classroom activities 
 
For each classroom scenario, determine whether the teacher employs a retrieval practice 
strategy. (True or False) 
1) At the end of a lesson, a teacher asks students to review content learned during the day’s 
lesson by using their notes to answer summary questions. 
2) At the beginning of a lesson, a teacher asks students to perform a think-pair-share activity 
(i.e., students think individually for two minutes without using resources, discuss with a 
partner for 2 minutes, then have a whole group discussion) to review the previous day’s 
content. 
3) A teacher asks students to review for a unit exam by having student use their notes and 
textbook to create a mindmap (i.e., concept map or graphic organizer). 
4) A teacher tells students that all quizzes within a unit are cumulative (i.e., each quiz 
includes some content from previous quizzes). 
5) A teacher asks students to review for a unit exam by making flashcards and using them to 












Scale: AP teachers’ self-efficacy of using retrieval practice strategies 
All of the following items are on a rating scale: 
  1 – Strongly disagree   
  2 – Moderately disagree 
  3 – Disagree slightly more than agree 
  4 – Agree slightly more than disagree 
  5 – Moderately agree 
  6 – Strongly agree 
 
 
 Subscale: Employ instructional activities that promote retrieval practice  
1) I can create questions that promote retrieval practice to begin a lesson (i.e., warm-up, 
drill). 
2) I can create questions that promote retrieval practice to end a lesson (i.e., exit ticket, 
summary, review) 
3) I can create quiz questions throughout a unit that encourage students to perform effective 
retrieval practice. 
4) I can design review activities for students prior to a unit exam that encourage students to 




 Subscale: Employ instructional activities that optimize retrieval practice with  
complementary strategies 
1) I can develop class activities that space out the review of important content over time. 
2) I can develop class activities that mix up different types of problems during the review of 
important content. 
3) I can provide meaningful feedback to students one or two class periods after students 
complete the assignment. 
4) I can develop class activities that provide students with opportunities to review important 




Subscale: Encourage students to use retrieval practice strategies when studying on their 
own 
1) I can model for students how to use retrieval practice strategies when studying on their 
own. 
2) I can prompt students to use retrieval practice strategies when studying on their own. 
3) I can address questions students may have about how to use retrieval practice strategies 
when studying on their own. 
4) I can explain to students why using retrieval practice strategies when studying on their 






Outcome Evaluation Research Question 3: What are AP teachers’ perceptions of how well 
students are prepared for success in AP courses after the AP PLC compared to a control group? 
 
Scale: AP teachers’ perceptions of student preparedness for AP coursework 
 
All of the following items are on a rating scale: 
  1 – Strongly disagree   
  2 – Moderately disagree 
  3 – Disagree slightly more than agree 
  4 – Agree slightly more than disagree 
  5 – Moderately agree 
  6 – Strongly agree 
 
 
Subscale: AP teachers’ perceptions of AP students’ repertoire of learning and studying 
strategies  
 
1) My AP students possess effective learning strategies.  
2) My AP students employ effective learning strategies.  
3) My AP students possess effective studying strategies.  
4) My AP students employ effective studying strategies.  




Subscale: AP teachers’ perceptions of AP students’ preparation for academic success  
1) My AP students can thoroughly understand complex content.  
2) My AP students believe they can do well in my AP course.  
3) My AP students are well prepared for AP coursework. 
4) My AP students are well prepared for AP exams. 













Semi-Structured Interview Protocol 
Participants: Treatment group only  
 
 
Semi-structured interview questions for Research Question 2: To what extent did AP 
teachers’ knowledge and self-efficacy of retrieval practice strategies increase in response to the 
AP PLC compared to a control group? 
 
1) How has the AP PLC changed your understanding of what retrieval practice learning and 
studying strategies are?   
a. What do you know now that you did not know prior to the AP PLC? 
2) How has the AP PLC changed your understanding of how to design instructional 
activities to promote students to use retrieval practice?   
3) How has the AP PLC changed your understanding of what it looks like when students use 
retrieval practice strategies?  
 
 
4) How has the AP PLC changed your ability to use instructional activities that promote 
retrieval practice strategies in your AP class?   
5) How has the AP PLC changed your ability to use instructional activities that optimize 
retrieval practice strategies by using complementary strategies, such as spacing practice, 
interleaving practice, and providing delayed feedback, in your AP class?   
6) How has the AP PLC changed your ability to prompt students’ use retrieval practice 
strategies when studying on their own?  
 
 
Semi-structured interview questions for Research Question 4: How are students prepared for 
success in AP courses after learning retrieval practice strategies? 
 
1) How has the AP PLC changed your understanding of the value of retrieval practice 
strategies to promote student learning?  
2) How has the AP PLC prepared you to help all your AP students be better prepared for: 
a. AP coursework? 
b. AP exams? 
c. Future rigorous courses? 









Frequency of Use of Survey (FUS)  
 
 
Participants: Treatment group only 
 
Frequency: Weekly  
 
Outcome Evaluation Research Question 2: To what extent did AP teachers increase their use 
of retrieval practice strategies in their AP classes as a result of the AP PLC? 
 




Short Qualtrics Form: 
 
If you teach more than one AP course or more than one section of an AP course, choose only 
specific AP class section to answer these items.  
1) The number of times I used retrieval practice strategies in my AP course during the past 
















Process Evaluation Codebook 
 
 
Open-ended survey item 
prompt 
Theme Definition Example 
Briefly describe how the 
presentation of retrieval 
practice strategies in the AP 
PLC was meaningful for 
you to use in your AP class 
Modeling The presenter’s demonstration of a new 
concept or strategy by imitating that 
concept or strategies during instruction  
“[The presenter] did a great job at 
modeling the retrieval practices that we 
were learning about throughout the 
presentations.” (Participant B) 
Research Evidence from research presented during 
the AP PLC that supports teachers’ use 
of the strategies 
“It was helpful to gain a full 
understanding including the research 
behind the ideas presented.” 
(Participant S) 
Accessible The ability for concepts or strategies to 
be readily obtained by participants due to 
the structure of the learning activities 
“[The presenter] really broke the 
process down and the 
reasoning/explanation of the process 
and made it very easy to understand 
and use.” (Participant I) 
Transformative A fundamental change in teachers’ 
perspectives on effective learning or 
teaching 
“It helped me learn how to reevaluate 
the process of learning and reach a 
broader range of students in my class.” 
(Participant P) 
Limitations Factors that minimize the potential 
meaningfulness of the AP PLC 
“My AP class is very much 
application-based.  There is little 
vocabulary or similarly basic 
conceptual matter that would work with 






Briefly describe how the 
collaborative activities in 
the AP PLC were 
meaningful for you to use in 
your AP class 
Sharing ideas The collaborative exchange of 
instructional strategies and practices, 
which evoke retrieval in students, among 
participants 
“Other teachers shared ideas that I can 
adapt for my own AP class.” 
(Participant E) 
Reflection Reconsideration of one’s own practices 
informed by discussions of successes and 
challenges among colleagues 
“I appreciated hearing other teachers 
[sic] successes and failures because it 
allowed me to feel that I am not alone 
in my struggles and also garner new 
ideas for my own classroom.” 
(Participant I) 
Briefly describe how the 
presentation of retrieval 
practice strategies in the AP 
PLC was engaging for you 
Interactive The structure of the AP PLC allowed for 
active learning and dynamic participation 
“There was a good discussion through 
the chat and with mics.” (Participant V) 
Applicability The characteristic of information and 
strategies that could readily be used in 
participants’ AP courses 
“The real class application piece got 
my attention and I appreciated that we 
tested the feature (student side) and got 
to see the teacher side.” (Participant I) 
Modeling The presenter’s demonstration of a new 
concept or strategy by imitating that 
concept or strategies during instruction  
“Modeling retrieval practice acticities 
[sic] was engaging.” (Participant V) 
Research Evidence from research presented during 
the AP PLC that supports teachers’ use 
of the strategies 
“Hearing about definitive research is 
helpful!” (Participant K) 
Briefly describe how the 
collaboration during AP 
PLC was engaging for you 
Active learning Learning activities in which participates 
directly interact in the learning process, 
as opposed to passively taking in 
information 
“It required participation and made me 
active in the learning.” (Participant P) 
Enjoyment The process of taking pleasure in the 
activities 
“I always enjoing [sic] talking with and 
learning from other teachers, this is 
somethings [sic] that has been sorely 








Document Analysis of Lesson Elements Developed During the AP PLC Codebook 
 
Theme Definition Examples 
Retrieval 
practice 
The process of actively calling 
information to mind rather than 
rereading it (Roediger & Butler, 
2011) 
 
"Tell me everything you remember about the Ottoman military." I will 
exhaust responses and then ask a question that narrows the focus a bit, 
without giving away too much detail. And so [sic] after we exhaust 
all retrieval responses, we run through the PowerPoint, stopping at key 
locations to refresh their memories.” 
 
“It was easy because all I had to do was copy some questions from old 
tests. But the key was getting them to study critical old topics and they 






Low- or high- tech instructional 
practices that incorporate retrieval 
practice by requiring students to recall 
what they know from memory 
“I've found it very helpful and simple to have the kids brain dump 
everything down that they remember. “ 
 





The integration of allowing time to 
pass between practice (i.e., spacing) 
and mixing up problem types (i.e., 
interleaving), which may enhance 
durable, transferable learning (Yan,  
et al., 2017) 
“Typically start class with 2 AP styles [sic] multiple choice questions from 
old units.”  
 
“I used to have my review packets organized by type of problem. For our 
last unit, I copy pasted [sic] the problems to jumble it so kids didn’t get too 







The presence of a considerable but 
manageable level of challenge while 
completing a task (Bjork & Bjork, 
2014) 
 
“The results were shocking today. Using this practice resulted in BETTER 
pitch and rhythm accuracy than playing the melody twice as often. 
Increasing this difficulty for them is really paying off!” 
 
“At first, my students complained at not being able to use their notes 
during the warm-up and exit ticket… Now they’re just in the habit of 



















Semi-Structured Interview Outcome Evaluation Codebook 
 
Construct Theme Definition Example 




Intentional  The purposeful and conscientious effort AP 
teachers made to incorporate the strategies 
into their classes 
 
“Made me more cognizant of how to make [retrieval 
practice] more accessible for students in class, you 
know, more definitive, more concrete, and just more 
efficient.” (Participant I2) 
Complementary 
strategies 
The use of strategically spacing and 
interleaving retrieval practice among class 
activities to attempt to enhance student 
learning 
“In the past, I would just always introduce a new 
phenomenon. Then, move onto the next. And now I am 
peppering in old phenomenon, to get them to think 
about that. And then, tying it into the new 
phenomenon.” (Participant I2) 







The modest modifications to teachers 
instructional behavior to incorporate 
retrieval strategies 
 
“I really appreciated like how, like all the strategies 
presented make it easy to incorporate it into my 
classes.” (Participant I1) 
Specific activities A range of low-tech and high-tech 
classroom activities that promote students 
to practice retrieval  
 
“I’ve been using think-pair shares a lot just a quick like 
okay what are you thinking what do you remember, 
without looking at your notes. I think it’s a good kind 
of review for them throughout the semester. I also 
started using like cumulative questions to things over 
the course.” (Participant I2) 
Student studying The act of students using retrieval strategies 
when studying on their own 
“My confidence [for helping students learn how to 
study on their own has] definitely increased. Before it 
was always kind of struggle, this is only my second 
year teaching AP, and I struggled trying to teach them 
how to study. I think it's hard to give them the skills to 
learn. Giving them some of these different like 
techniques has been really helpful for me to help 





How the AP PLC 
influenced teachers’ 
perceptions of their 
students’ 
preparedness for AP 
courses 
Specific strategies A range of skills and methods teachers and 
students can use to enhance durable and 
flexible learning  
 
“A new strategy that I found from the PLC is making 
index cards. I've honestly not used index cards in my 
class before and I’m like not ashamed I mean, you 
know, just learning to do it but, when I use the index 
cards rather than having them just copy the 
information, they have tools they can use for retrieval.” 
(Participant I5) 
 
Student growth Evidence observed by AP teachers 
indicating academic progress their students 
made that they attributed to retrieval 
strategies 
 
“I think that with retrieval that maybe they're resistant, 
or have some kind of like resistance to thinking about it 
in the beginning. Maybe because it’s harder. But I think 
that that was far more effective in the long run and was 
super helpful for the students who were doing 
everything with integrity. And they noticed that and 
told me that.” (Participant I4)  
 
Challenges of 
virtual learning  
Practical barriers due to the virtual learning 
mode of instruction that may have 
mitigated some of the benefits of retrieval 
strategies 
“You know, in this virtual environment it’s hard to tell 
if they’re, you know, looking up answers instead of 
retrieving, it’s kind of hard to tell.” (Participant I4) 
 
 
